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ABSTRACT
) REPORT TITLE: Everett Navy Traffic Impact SUpplementai
S Report
SUBJECT: An assessment of the impact of Homeport
@ generated traffic on level of service and

lane requirements in Everett.

PN
!

DATE: August, 19386

)
Ry o

g

SOURCE OF COPIES: State Aid Engineer
District 1 - Washington State

Department of Transportation .

3<

AT
6431 Corson Avenue South
/bl Seattle, WA 98104
3" ABSTRACT: This report contains a supplemental
e analysis of the traffic impact of the U.S.
Y Navy Carrier Battle Group Homeport in
R Everett. Included in the analysis are
updated estimates of Homeport generated
R traffic, the impact on peak hour traffic
“ volumes at major intersections, an
assessment of volume capacity ratios and
47y level of service with existing geometry and
Aﬁj recommendations regarding additional lane
e requirements. The report documents revised
trip generation estimates based on the
Q Navy's most recent plan for ship berthing
and personnel strength at Everett, and
refined traffic assignment techniques used
B to estimate traffic flows on the arterial
RN system in Everett.
FUNDING: The technical study and the preparation of
ﬁﬁ% this report were requested and funded by
" the Washington State Department of
Transportation in cooperation with the
Ok Federal Highway Administration.
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LA The Puget Sound Council of Governments (PSCOG) is a voluntary :
ktx organization of local governments in King, Kitsap, Pierce, and .
- Snohomish counties, created to provide a forum and maintain a i
comprehensive data base for regional decision making. The N

primary goals of the PSCOG are to guide the growth and i
development of the region, and to seek solutions to problems 1

which cross jurisdictional boundaries. -

This report is the third in a series prepared by PSCQOG to g

assess the traffic impacts of the proposed U.S. Navy Carrier -

a

Battle Group in Everett. The first report assessed impacts on
an areawide basis and the second was concerned with the
evaluation of highway access alternatives. This report was
prepared to provide supplemental data for the analysis of
capacity and of improvemants necessary to maintain an
acceptable level of service.

X
!

Since the time the earlier studies were conducted, the Navy has
announced an approved ship berthing/personnel loadings plan for
Everett which calls for 13 ships and 7610 personnel assigned to
the Carrier Battle Group.

Preparation of the repcort was reguested and funded by the
Washington State Department of Transportation in cooperation
with the Federal Highway Administration.

Gerald Dinndorf was responsible for overall supervision of the
study. The technical analysis and findings of the study were
the responsibility of Mike Smith and Rob Bernstein with
consulting assistance provided by Robert Shindler, who
coordinated the technical analysis and prepared the report.
E?« Rebecca Stewart assisted in preparing the graphics. Report

2 production was accomplished by Kim Tassin with the assistance
of Holly Herrmann and Ellen Blackwood.
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I. INTRODUCTION

This report presents estimates of the traffic volumes that will

Qi}g be generated by the proposed U.S. Navy Carrier Battle Group
" Homeport in Everett and an assessment of the impact of this
traffic on arterial street capacities and lane requirements.
‘.b The study provides projections of future year (1990) traffic
S conditions with and without the Navy Homeport assuming highway

!
3

access improvements as proposed in the "North-South
Alternative,” which the City of Everett selected as their

(H%Z preferred access alternative. The traffic impact assessment

b consists of a "volume-capacity” (V/C) analysis for each major
intersection in the access corridor and a determination of the

Gﬁz additional lanes required to accommodate the projected

A peak-hour traffic volumes.

o This report supplements two previous reports prepared by the
C*{; Puget Sound Council of Governments (PSCOG) on the impact of the
= proposed Homeport in Everett. The first of these, dated
January 1985, examined the economic, local development, travel

€$§ demand and traffic impacts of the Homeport on an areawide

S basis. The second, dated June 1985, provided a more detailed
traffic impact assessment for each of five highway access

YOOt alternatives. The current study focuses on traffic conditions

* forecast for the preferred alternative at a level necessary to

determine specific capacity deficiencies and to develop
information necessary for the design of improvements.

A

G-* Sources of information for the current study include: the data
and analysis results of the two previous PSCOG studies, the

dg‘ information presented in the Navy's Final Environmental Impact

1 . Statement (FEIS) for the proposed Homeporting action, extensive
traffic count data provided by the City of Everett, and the

&fﬁ current Navy staffing plan for Everett.

The traffic estimates used in this study are based on the

Navy's approved ship berthing/personnel loadings plan for

- Everett announced in January 1986. This plan provides for a

o total of 13 ships and 7610 military personnel in the Carrier
Battle Group to be homeported in Everett. In previous impac:

e assessment studies--both the Navy FEIS and the PSCOG traffic

ShS analysis--the assumption had been for 15 ships and about 8200

military personnel.

“»
@fﬁf The difference between the personnel strength assignments used
e in tHe previous studies and the revised number is discussed in
. the report as are its implications with respect to the daily
PN and peak hour traffic volumes used for the impact assessment.

. - -
- -‘- -" .
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II. BACRGROUND CONDITIONS

Pl S

The evaluation of highway access improvements needed to serve
the proposed Navy Homeport requires forecasts of future
transportation conditions including both background traffic and
traffic generated by the project. The forecast year in this
case 1is 1990, the earliest year that the project could be
constructed and become operational. Estimates of background
traffic, that is, traffic volumes in the affected area as they
would be expected to exist without the project, are necessary
to establish a baseline for the analysis. The impact of the
Navy Homeport is determined by comparing conditions with the
Navy traffic to those without.

e |

-

EXISTING TRAFFIC

Existing traffic conditions in the Everett area were determinad
from actual traffic count data for arterial segments and for
intersections collected in recent years (1983-1986). Much of
the information on existing traffic was acquired for use in the
previous PSCOG study which evaluated highway access
alternatives for the Homeport development. Primary sources of
information available at the time were the published reports,
"1983 Traffic Flow Map" by the City of Everett and the "1983
Annual Traffic Report"” of the Washington State Department of
Transportation. Additional information in the form of
unpublished traffic counts was provided by the City of Everett
Traffic Engineer.

1

In the current study, because of the volume/capacity analysis
involved in the assessment, it was necessary to supplement the
data base with peak hour traffic counts at all major
intersections on the access routes to the Homeport. In
response to this need, counts were made by the City of Everett.

PROJECTED 1990 BASELINE TRAFFIC
Arterial Segment Volumes

Traffic volumes in the forecast year without the project:
constitute the background portion of total traffic and the
baseline for impact assessments. The projected 1990 traifi
used as a baseline in the current study is the same as was used
for the previous PSCOG study which evaluated highway access
alternatives. Figure 1 shows the 1990 volumes for the Everett
area. These projections were derived by expandind the 1983

existing traffic estimates to account for normal
growth between 1983 and 1990.
projection were obtained from
adjusted for localized trends
data were available.

N e
R T N .
s TN

~ St
il [ "

(non-project)
The factors used in the
PSCOG traffic model assiagnments

where historiz:z. zraffic count
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Generally, very little growth is forecast for the arterials
serving local trips within the City of Everett, A traffic PR
growth of between two and five percent is projected for these ©=
arterials for the seven year period 1983 to 1990 with the

higher rate being in South Everett. These traffic growth -
projections reflect the PSCOG population and employment 5}y
forecasts which indicate a 2.2 percent decline in jobs balanced
by a 10 percent increase in households for the 1980-1990

decade.
In contrast, moderate to high rates of traffic growth are
forecast on the regional highway routes in the area, I-5 and -
State Route 2, and the arterial connections to these routes. ﬁﬁg
Projected increases for the seven year period 1983 to 1990 are -
as follows: -¢§3
I-5, South of Pacific 16 percent ‘ RS
SR-2, East of I-5 25 Percent
Broadway, South of 37th St. 10 percent NS
Broadway, North of Pacific 7 percent ‘Q;Q
Pacific, East of Broadway 12 percent
Everett, East of Broadway 10 percent _j}
These higher growth rates reflect the population and employment -
forecasts which indicate continuing growth in suburban
Snohomish County. é
Without the Navy Homeport, modest traffic growth is forecast on
West Marine View Drive, the principal artery serving the RPN
Everett Waterfront. For the segment of this arterial north of e
18th Street, an increase of four percent was estimated for the e
period 1983 - 1990, and for the segment to the south, an -
increase of nine percent. These increases reflect the
. expectation of continued growth in non-industrial development "'7
; on the waterfront.
N -
i Intersection Volumes iﬁﬂ
i The peak period intersection counts provided by the City of oy
. Everett were used as a basis for estimating 1990 peak hour el
: intersection volumes, and also for refining the 1990 traffic T
. volumes on the arterial network in the access corridor. The .
. counts were expanded to represent a 1990 traffic forecast using RIS
i the growth factors described above. 1In the process adjustments S
) were made to convert the single day counts to Average Weekday
; Traffic (AWDT) and to assure consistency between intersections. T
) Figute 2 shows the 1990 background traffic volumes--daily and ‘ﬂnﬁ
: p.m. peak hour--in the immediate study area. 1Included in this h
area are the arterial links and intersections which will bear .
the greatest impact from the addition of Na., generated &39
traffic. .
P
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Analysis of the intersection counts in the study area indicated

that in recent years the peak hour has declined as a percent of .
daily traffic and the directional split has become more evenly
balanced. Typically the p.m. peak hour is in the range of 9 to
10 percent of the AWDT with a directional split on the order of
55/45 percent. This trend is very likely due to changes in the >
ratio of manufacturing to non~-manufacturing employment in the
Everett area.

ab

Intersection diagrams showing the projected 1990 peak hour 3
background traffic are included in the Appendix. P.“. peak

hour data are shown for 15 intersections and A.M. peaX hour "
data for five intersections. j
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This chapter presents the forecasts of traffic to be generated
by the Navy Homeport when it is fully operational and describes
the process used to make the forecasts. Included are:

Aty
.

) IIX. HOMEPORT GENERATED TRAFFIC

described in current Navy plans for the installation.

) Estimates of the number and characteristics of trips to be
generated by the installation when maximum personnel
strength conditions occur.

° Forecast of the distribution of these trips as determined
by the location of the off-base origin or destination of
the trip.

° Estimates of peak hour traffic for use in the design
analysis.

The first step in the process involves determining the measure
of activity to be used for estimating the number of trips

. generated by the proposed facility. The generally accepted
technique is to estimate trip generation by using actual rates
from an existing facility comparable to the one proposed.
These rates indicate the number of daily and/or peak hour trips
made in relation to the selected measure of activity. 1In the
case of the military installations such as the Navy Homeport
either of two measures are generally used: total military
personnel assigned to the station, or the combined total of
military personnel and civilian workers. Both measures have
been used in previous studies of the proposed Homeport in
Everett.

[ ° Assumptions regarding personnel strength at the Homeport as

. PERSONNEL STRENGTH

In the development of the environmental impact statement for
4 the proposed Homeporting project, an estimate of 15 ships was
’ used in the assessment of worst case impacts. This estimate
was used in the Final Environmental Impact Statement (FEIS)
June 1985, and by PSCOG in the assessment of traffic impacts
for the "Carrier Battle Group Homeport Access Report," August
1985. However, since the publication of these reports the
Department of the Navy has developed more specific estimates of
b the ships and personnel that will be assigned to the Everett
site.

-

L In January 1986, the Navy announced an approved ship
berthing/personnel loadings plan(l) for Everett which provides
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for 11 ships with 6430 active duty and 170 reserve military
personnel assigned. The plan also includes the potential
fuyture homeporting of two additional ships with 85 active duty
and 55 reserve military personnel assigned. 1In addition to,
these 13 ships and their 6740 assigned personnel, shoreside
personnel permanently assigned to the Homeport would include
about 870 military and 475 civilian employees. Personnel
Strength estimates for the current Navy plan are shown in Table
I along with comparative estimates as used in the previous
impact assessment work.

The number of personnel actually at the Everett site at any one
time would vary. In general, personnel fluctuations would be
directly related to the deployment of the Aircraft Carrier with
its support ships and their return to the Homeport. The
maximum number of CBG personnel operating at the Homeport would
occur for a period of about four to six weeks duration prior to
deployment of the carrier. Total CBG military personnel at
this time (shipboard and shore-based) would number about 7610.

In addition to the personnel strength of the 13 ship carrier
battle group, personnel of other Navy units will be at the
station at various times during the operating cycle of the
Homeport. Prior to deployment of the Aircraft Carrier squadron
personnel of the Carrier Air Wing numbering about 1500 persons
will take up guarters aboard the Carrier. Also a Destroyer
Tender (AD), presumably Homeported elsewhere, will spend one
month per quarter at Everett. The assigned personnel for this
ship is about 1800 persons. Expected personnel levels at the
Everett site through the 19 month operations cycle are shown in
Figure II-3 of the FEIS.

An estimate of the number of personnel living in the community
(off the base) is necessary for the traffic analysis.
According to the FEIS (Table IV-33), slightly over 50 percent
of the military personnel assigned to the Carrier Battle Group
are expected to reside aboard their ships. In addition 465 of
the 870 shore-~-based military personnel are expected to reside
in the BEQ (Bachelor Enlisted Quarters) on-site. All of the
Carrier Air Wing and Destroyer Tender personnel since they are
based or homeported elsewhere, will reside on their ships. The
remainder of the military and civilian personnel are expected
to reside off the base. With the current Ship/Personnel
Loadings Plan for the Everett site, it is estimated that 4073
S persons will be living in the community (see Table I).

g (1) Department of the Navy, Memorandum for the Deputy Director,
Q Interagency Construction Division Naval Facilities

A Engineering Command, by L. A. Fermo, Capt. USN, 27 January
£§ 198s6. :
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TABLE I i
PERSONNEL STRENGTH f}f
On-Site Personnel As Estimated for the Access Report(1l) j;j
Py
Living in .

Homeport Assigned Military Civilian Total Community
CBG Afloat 7322 - 7322 3472
CBG Ashore 869 475 1344 879
CBG Future & Res. - - - -
TOTAL CBG 8191 475 8666 ~ 4351

Other Personnel

Destroyer Tender 1800 - 1800 -
Carrier Air Wing 1500 - 1500 -
TOTAL 11,491 475 11,966 4351

Current Personnel Plan as Revised(2)

Living in

Homeport Assigned Military Civilian Total Community
CBG Afloat 6430 - 6430 3049
CBG Ashore 870 475 1345 880
CBG Future & Res. 310 - - 144
TOTAL CBG 7610 475 8085 4073

Other Personnel

F. Destroyer Tender 1800 -- 1800 --
F TOTAL 9410 475 9885 4073
SOURCE:

A ‘ofd

(1) Reported in the FEIS, Table II-1.
(2) Department of the Navy approved Ship Berthing/Personnel Loadings
Plan for Everett, January 1986.

-

-------

I U A P e, oL
3 .("'.'J_:"- 'n{'n \‘,' .N,“—: '\"",.'-, '-.,'- ."‘,. -'.."_,“ .'-_-":..'.- e e
o P » LT e

‘a - -
[N P NN S e O



I R R e A A e T B MR A Al et Sl ok S0 gl
o N T W W W O W W O W ™ T T T OO S T RO RO O WOV = =y

A ]
V)

(]
T
(4

&t

TRIP GENERATION '

As was noted previously, there have been two methods used to

derive and apply trip generation rates for the proposed .
Homeport project. One approach, that of calculating the rate C
in relation to total employment at the site, including both
military and civilian employees was used in the Navy's FEIS for
the project. A second approach, that of calculating the rate -l
in relation to military personnel strength disregarding b
civilian employment in the equation was used in the previous |
PSCOG impact analysis. The second approach will also be used o
in the current reassessment in order to maintain consistency o
with the previous analysis and the traffic estimates reported

in the "Access Report."

P

The rate used is 2.46 vehicle trips per day per person for
military personnel assigned to the Carrier Battle Group and its
shore-based support units at the Homeport and the lower rate of
1.72 vehicle trips per day for military personnel assigned to
the Destroyer Tender.

The rate of 2.46 vehicle trips per day for military personnel
is obtained from the traffic count and survey data collected in
the course of a traffic engineering and planning study
conducted in 1983 at the Mayport Nawval Station in Florida. (2).
The use of data from the Mayport Naval Station is supported by
the similarity of mission and activities between the Florida
base and the one proposed at Everett, and also the general RN
similarity of travel conditions in the communities where the g%
bases are situated. The lower rate of 1.72 trips per day for ]
personnel of the Destroyer Tender takes into account that these é%

personnel will be guartered on board their ship while at the
Everett station and hence will not generate home-to-work trips
from off-base housing.

For the purpose of assessing impacts it is necessary to use a "éj
forecast of the traffic that will occur when the Everett L
facility is operating at its maximum sustained level of

activity. This will occur when the Aircraft Carrier and its fa
surface support ships are preparing for deployment, and the CBG ,
personnel are at full strength. During these occasions there

will be times when the destroyer tender with its crew of 1800 i
persons will also be in port. The coincidence of these two

5 scheduled events - maximum activity level of the CBG with the I
destroyer tender in port - represent the "worst case" condition N
for ttraffic impact assessment. Under these conditions the \3
Everett facility is forecasted to generate about 21,800 vehicle !
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(2) "Traffic Engineering - Planning Study, Naval Station, o
Mayport, Florida,” 1984, Military Traffic Management ag
Command, (MTMC), Report TE 83-41-26. i
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trips per day. The trip generation estimates are shown in
Table II.

MODE SPLIT

The mode-split, geographic distribution and peaking
characteristics of trips generated by a facility such as the
proposed Everett Homeport vary according to trip purpose. Two
separate trip purposes are identified for this purpose:

l. Home-work trips by military personnel and civilian
employees assigned to the Homeport but living off-base.

2. All other trips including:

° Social, recreational, shopping and miscellaneous trips
by personnel assigned to the base (typically off-duty
trips).

° Work-related trips by employees on the base and by
visitors on official business.

e Trips by trucks and service vehicles.

The number of daily home-work trips generated by the Everett
facility for the "worst case" condition is determined by two
factors: (1) the number of military and civilian employees who
will be living off the base and (2) the percent who will be
commuting to work on an average day during the period of
maximum activity. As shown in Table I, it is estimated that
about 4070 of the military and civilian employees assigned to
the Homeport will live in the community. Allowing for persons
on leave or temporary assignment away from the base, it is
expected that 90 percent will report for work on an average
day. Thus, for the "worst cast®™ condition there would be 3666
person trips to work on an average day and the same number from
work for a total of 7332.

Given a forecast of person trips, the number of vehicle trips
are derived by subtracting those expected to use transit and
those traveling as passengers. Based on traffic dazz for the
Mayport Station and census journey-to-work statis=z:cs for the
Everett area it was estimated that about 280 {approximately
four percent) of the daily home-work trips would use transit
and 7051 would travel by auto. Using data from the same
sources, it was further estimated that of those traveling by
auto 75 percent would drive alone and 25 percent would carpool.
Under these conditions the average auto occupancy for work
trips would be 1.153, and the number of home-work vehicle trips
would be 6114 per day.

The number of trips estimated for the ot“er trip purposes is
derived as the difference between tne zs.imate of total daily
trips and the number of home-work trips. That is, of

11
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Military Units

Previous Estimates(1l)

Homeport (CBG)
Destroyer Tender (AD)

Carrier Air Wing

TOTAL

Current Estimates(2)

Homeport (CBG)

Destroyer Tender

TOTAL

EVERETT HOMEPORT

TRIP GENERATION

SOURCE: See Table I

(1) Personnel estimates and tr

TABLE II

Personnel
Assigned

8191
1800
1500

11,491

7610

1800

9410

traffic for the "Access Report,

Trip Gen.

Rate

2.46
1.72

1.72

Daily
Vehicle

Trips

20,150
3100

2580

—a—————

25,830

18,720

3100

21,820

ip generation rates used to forecast
* August 1985

(2) Navy Personnel Loading Plan for Everett, January 1986
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the 21,820 daily vehicle trips generated by the facility 6114 :iﬁ
are home-work trips and 15,706 are trips for all other 3%%
purposes. Average vehicle occupancy for the latter is much !@%

higher than for work trips.
TRIP DISTRIBUTION :

Trip distribution in this case refers to the location of the ey
off-base end of the trip. Home-work trips were distributed ===
geographically in relation to the location of cff-base housing. s
The method of estimating the location of housing (place of O
residence) for personnel living off-base is described in the jﬁL
PSCOG report, "Everett-Navy Impact Study," January 1985. The "
geographic distribution of off-base housing and of the home end
of journey-to-work trips of Homeport employees is shown in
Table III. The breakdown in by major area within Snohomish and
King Counties with totals for Island and Skagit Counties.

Trips grouped in the "other" category were distributed
geographically using the PSCOG's regional transportation
planning models. These models use the gravity principle to
estimate the probable distribution of trips taking into account
the location of activities, often referred to as "attractors"
which fulfill the objective of the trip, and the relative
travel times to alternative destinations. Estimates developed
from the modeling process were then adjusted to reflect special
characteristics of the proposed facility, such as its
connections to Naval Station Seattle (Sandpoint). Distribution
of the other vehicle trips is also shown in Table III.

In order to create a trip table suitable for assignment to the
computer coded highway network the trip distribution was
carried to the level of traffic analysis zones. Two trip
tables were created, one for home-work trips and the other for
L all "other" trips. These data are included as Appendix A.

PEAK HOUR TRAFPIC

k The calculation of volume-capacity (V/C) ratios and of lane
reguirements on routes affected by Hcmeport traffic regquires
the estimation of design hour volumes (DHV). Both A.M. and

} P.M. Peak Hour Volumes were estimated for this purpose althocugh
the DHV 1s usually determined by the P.M. peak since background
traffic is greater in the evening peak hours.

P

. Peaking characteristics of traffic generated by ar a2mployment
activity are directly influenced by the beginning ‘and ending

‘ times of the workday. From available information it was

; assumed that duty hcurs of personnel at the Homeport would be

as follows:

13
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TABLE III
DISTRIBUTION OF TRIPS GENERATED BY [:
EVERETT NAVY HOMEPORT | .
_ ,.:
Home-=Work Vehicle Trips
Person Trips Home-~- Other a
Area Workers Transit Auto Work Purposes {
1. Arlington, Marysville, .
Stanwood, Granite Falls 653 10 1166 1040 1292 H
2. Snohomish, Lk. Stevens, -
Monroe, Sky Valley 481 51 816 742 1388 q
3. Everett-Central/North 570 87 937 852 4278
4. Everett-South/S.W. 324 64 519 471 3355 a
S. Paine Fld/Alderwood Mall 603 ' 36 1049 945 1479
6. Edmonds, Lynnwood, _
Mountlake Terrace 419 14 740 607 1027
7. North Creek, Maltby,
Cathcart, Mill Valley 365 20 637 554 923
8. Shoreline/Bothell 109 _ 196 170 129
9. Eastside 91 - 164 131 262
10. North Seattle 179 - 322 239 662
11. Central Seattle 96 - 173 128 384
12. Other King Co. 10 - 18 12 151
13. Kitsap Co. 22 - 40 28 31
14. Island Co. 57 - 103 74 161 “
15. Skagit'Co. (I-5 North) 94 - 169 121 184 4
TOTAL ‘ 4073 281 7049 1;114 15,706 ﬂ
Total vehicle trips per day 21,820 Lﬂ
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e Shipboard personnel will be assigned 50 percent to day
shift and 25 percent each to swing and graveyard shifts.

° All shore based personnel work day shift.

° In order to distribute traffic flows more evenly during the
peak period, work hours of major units on the base will be
staggered.

Since the above conditions are substantially the same as those
which prevail at the Mayport station, data from 1983 traffic
counts at that facility were analyzed to determine peaking
characteristics. A summary of the traffic count data and of
the peak hour factors calculated from these data are shown in
Appendix B. The data indicate conditions for two levels of
activity at the station, one with the Aircraft Carrier Saratoga
and its 5000 person crew in port and one without. The A.M. and
P.M. Peak Hour volumes as a percent of daily volumes and the
directional split are as follows:

P.M. Peak Hr. A.M. Peak Hr.

With the Saratoga

Peak Hour Factor 11.0% 10.4%

Directional Split 80/20 84/16
Without the Saratoga

Peak Hour Factor 11.4% 10.6%

Directional Split 80/20 85/15

Considering potential differences in operation between the
Everett station and the Mayport station, there is reason to
expect that traffic peaking characteristics at Everett during
periods of maximum activity will be similar to those at Mayport
without the Saratoga in port. From the Mayport traffic data it
is evident that with more ships in port, especially the
aircraft carriers, the peak hour traffic decreases as a percent
of the daily traffic. As indicated in the above table, the
peak hour factor is lower with the Saratoga in port than
without. It is very likely that this is caused by the unigque
duty schedule for shipboard personnel at the Mayport station.
The percentage of personnel assigned to the swing and graveyard
shifts, presumably an accommodation to the subtropical climate
at that location, is much larger than what is typical at most
Navy facilities.

At Everett it is reasonable to expect that the duty schedule
will be more in line with conventicnal Navy practice, that is,
about 80 percent on day shift and 10 percent each on swing and
graveyard shifts. 1In terms of its effect on traffic peaking
characteristics this would correspond more closely to the
Mayport situation without the Saratoga in port. Thus, for the
P.M. Peak Hour it was assumed that the two directional volume
would be 11.4 percent of the 24 hour volume with a directional
split of 80 percent outbound and 20 percent inbound. For the
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A.M. Peak Hour the assumptions are 10.6 percent with an 85/15
directional split. . K

Applying these peak hour factors to the daily volumes and
considering the duty schedule and other circumstances affecting
trip purpose percentages, the traffic breakdown for the “worst
case” condition is as follows:

oy R

"

A.M. Peak.Hour P.M. Peak Hour 4

Daily Out/B In/B out/B In/B A

Vehicle trips _

Home-Work 6114 210 1570 1495 280 1
*Other" 15706 135 395 495 220

Total 21820 345 1965 1990 500 :1

COMPARISON WITH PREVIOUS STUDIES

To provide a reference for evaluating the reasonableness of the
traffic forecasts developed in this study, the estimates of
Homeport generated traffic reported in previous studies are
shown for comparison. All of the forecasts are intended to
represent a "worst case” condition.

Vehicle Trips

Daily P.M. Peak Hr.
FEIS, June 1985 20,162 2091
PSCOG, for the Access
Report, August 1985 25,800 3100
PSCOG, Current Study 21,820 2490
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IV. TRAFFIC IMPACT T

TRAFFIC ASSIGNMENT

Traffic assignment is the process of estimaring traffic flows
on a network for a given set of travel desires. 1In this
analysis the objective is to determine the paths that the
Homeport generated traffic would use on trips to and from the
proposed base. In previous studies traffic assignments and the
traffic impact assessment covered a more extensive area because
of the need to evaluate alternative highway access
improvements. In this study the emphasis is on the south
access and the impact of traffic using W. Marine View Drive and
the major arterials through the central part of Everett.

-

Procedures and Assumptions

The traffic flow pattern throughout an urban network tends
toward an eguilibrium in which traffic using competing routes
is balanced in relation to the level of service on those
routes. Normally drivers choose the route having the minimunm
travel time. Where there are alternative routes having only
small differences in travel time, as is the case in Everett,
the traffic will distribute itself with some percentage using
each route. As additional traffic is added to the network from
a new traffic generator such as the proposed Homeport, the
level of service is affected and congestion may occur on one or
more of the alternative routes. When this happens, relative
travel times of the alternate routes may also change thus
affecting the drivers choice of routes and in the aggregate
traffic flows on the arterial network.

, Computer models have been developed to estimate the effect on
traffic flows of these interrelated factors, that is, the

} imposition of additional traffic on the network, changes in the
level of service (increased congestion and disutility)
resulting from the additional traffic and its effect on

F drivers' choice of routes. For the previous studies the PSCOG
regional traffic model was used. This model provided traffic

assignments in sufficient detail to be adequate for the

evaluation of alternative highway access improvements to the

Homeport site. For the current study, however, it was

necessary to develop a more detailed model. The procedures and

assumptions involved in this process are as follows:

-

] The PSCOG regional traffic model was enhanced in the
Everett area to provide capability for detailed traffic
. analysis. The number of traffic zones in Everett were
’ increased four-fold and all designated arterials were
included in the network. Speeds and travel times on the
arterial network were refined based on existing conditions.
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® Homeport generated traffic in the form of trip tables, as

described in the previous chapter, were assigned to the A
network. The assignment was reviewed in relation to the \ B
level of service that would exist with the background

traffic.

° A further assignment was then made using a multi-path P
assignment technique. This is a fine tuning technigue
which distributes traffic among alternative paths having gg
small differences in travel time. It was necessary to use s
this technigue to assign trips between the Homeport site
and points east and south of Everett because of the
alternative paths available through the arterial grid
system in Everett.

l‘ .
TR

° Because of the unique characteristics of the arterial grid Iy
system which affect traffic flows several additional e
assumptions were made for the traffic assignment:

1. Given approximately equal travel times on alternate
paths, traffic would use the path requiring the least
number of turns.

2. Some traffic would follow a path requiring more than
one left turn if it offered a perceptibly better level
of service than paths with only one left turn.

3. Although in actuality some traffic will not use the
same path on their outbound trip from the Homeport as
they used inbound, for purposes of the impact
assessment all traffic has been averaged and balanced
directionally.

Travel Time Comparisons

Observed data on speeds and travel times for alternative routes
to and from the Homeport on the existing system and estimates
for the preferred alternative (with improvements) were shown in
the previous PSCOG report, "Everett Navy Traffic Impact-Highway
Access Alternatives," June 1985.

-
e
-

AT

&

5 With the preferred alternative all regional traffic between the
<t Homeport and points served by I-S5 South will use the south

[ ] access to the site except for trucks which will be signed to

$f use Marine View Drive around the north end of Everett. The

a
¥

north route is 4.0 miles and 3.0 minutes longer than the
minimum path south route under existing traffic conditions.

!'l:
S

- -

o

r

The minimum path route between the Homeport site and I-5 scuth
is via W. Marine View Dr., Pacific Avenue and Broadway.
Alternatives are via Rucker or Colby and 37th Street and via
the Pacific Avenue interchange with I-S5. Some traffic is
expected to divert to the alternates as the level of service
decreases on Pacific and Broadway due to the added traffic.
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Also, with the preferred alternative virtually all regional
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traffic between the Homeport and SR-2 east will use the south S&
access to the site. Only trucks and a few auto drivers are C
expected to use the route via Marine View Drive around the iy
north end of Everett. The north route is 3.2 miles and about e
one minute longer than the route across town on Hewitt or sy
Everett Avenues. o
Traffic Plow ﬂz
The distribution of Homeport generated traffic on the arterial i@
streets in Central Everett, the area of primary impact, is f}i
shown in Figures 3 and 4. Daily volumes for the "worst case” Bt
condition as shown in Figure 3, represent the combined total of oy
the home-based work trip table and the "“other" trip table. The o
P.M. Peak Hour volumes as shown in Figure 4, were obtained by .
assigning 29 percent of the home-work trip table and 4.6 -$q
percent of the "other" trip table. These are the percentages jw

Eiek D Y

o

of the respective trips expected to occur during the evening
peak hour.

It is important to note that the north-south orientation of
peak hour traffic differs from that for daily traffic.

Although about 84 percent of the daily traffic is oriented to
the south, only 78 percent of peak traffic is so oriented.

This is because most of the peak hour traffic consists of
home-work trips and these trips form a higher percentage of the
traffic oriented to the north than that oriented to the south.

Intersection Volumes

For all practical purposes capacities within an arterial grid

system are determined by capacities at the intersections. It

was necessary, therefore, to develop forecasts of the 1990
design hour volumes at major intersections of the arterial

&‘ system for the traffic impact assessment and the analysis of
lane requirements. From the traffic assignment forecasts
described above, estimates were made of the peak hour flows of

b Homeport generated traffic through the major intersections of

' Everett's arterial system. A.M, Peak Hour volumes are shown in

Figure 5, and P.M. Peak Hour volumes in Figure 6.
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Finally, to provide the data required for the impact
assessment, intersection flow diagrams were prepared showing .
the background 1990 traffic and total traffic including that
generated by the Homeport. Two of these diagrams showing the
A.M. and P.M. Peak Hour volumes at the intersection of the Navy
access road with W. Marine View Drive are shown as Figures 7
and 8. Diagrams for the remaining intersections are included
as Appendix C.

TRAFFIC IMPACT ASSESSMENT

P e

The assessment of traffic impacts attributable to the proposed
Everett Homeport under "worst case" conditions with the Carrier
Battle Group at full strength and the Destroyer Tender in port
consists of the following: 1

l

1. Identification of those arterial segments and intersections
where 1990 traffic will be increased by 100 percent or more -
with the addition of Homeport generated traffic. This
measure of impact referred to as the "doubling effect,”
relates to eligibility for Federal funding of highway
access improvements as provided by 23 U.S.C., Sections 210,
315 and 49 CFR 1.48(b). (1)

2. Determination of the Volume/Capacity (V/C) Ratio and Level
of Service (LOS) at affected intersections in Everett using
intersection geometry and control conditions as they
presently exist. The analysis involves application of
Critical Movement Analysis as described in Transoortation
Research Circular 212.

3. Identification of feasible mitigating measures (changes in
intersection geometry and control) for those intersections
determined from the preceding calculation, to have
unacceptable operating conditions (LOS E or F) and,

4. Recalculation of the V/C and LOS for such intersections
with the mitigating measures in place.
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The impact of Homeport generated traffic on segments of the
arterial system, expressed as the average percent increase in
1990 traffic volumes for the heavily impacted segments is as
follows:
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(1) Funding criteria are explained in "Federal-Aid Highway
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W. Marine View Drive

Navy access road to Everett Avenue 191%
Everett to Hewitt 163%
Hewitt to Pacific 126%
North of the Navy Access Road 39%
Pacific Avenue
W. Marine View Drive to Rucker 93%
Rucker to Colby 63%
Colby to Broadway 41%
Everett Avenue
W. Marine View Drive to Rucker 136%
Rucker to Colby 42%
Colby to Broadway 18%
Hewitt Avenue
W. Marine View Drive to Rucker 112%
Rucker to Colby 42%
Colby to Broadway 22%
; Rucker Avenue
Everett to Hewitt 10%
Hewitt to Pacifi 20%
’ Pacific to 37th 23%
37th to 41st 18%
Broadway
Pacific to 37th 15%
37th to I-5 Interchange 20%
37th Street
| Rucker to Colby 30%
! Colby to Broadway 25%

~——

From the above it may be seen that the extent of the traffic

"doubling" effect is fairly clear. Segments affected include
W. Marine View Drive from the Navy access road to Pacific

t Avenue and short segments of both Everett and Hewitt Avenue

between W. Marine view Drive and Rucker Avenue.

Intersection Capacity Analysis

The intersection capacity analysis was made using Critical
Movement Analysis, a procedure which allows for capacity and
level of service determination for signalized intersect:z-:=.
The procedure incorporates the effects of geometry, traffic
signal operation and traffic characteristics in determining the
volume of traffic that can be accommodated through an
intersection. The analysis produces a level of service
determinazion for the intersection as a whole,

The technique is based on the fact that at each signalized
intersection there 1s a combination of conflic:iing movements

e e T e e e e L te e Lt e e Lt .
A A R e N R T LI

LI ‘e > .~ ‘ 'q-- e --’ '-' ‘e .1 = . - L5 N N s,
O AR L W P SE O SRV WA P PP S




w .oy
17,
Iu‘)n‘a
[

o

L M
etatyl

AR
£,
v
e

...
A 1,
¢,
.

14

SR
]

K
s

L SN N

AR
L .l
LA S

L

s
s

R
A

hehy

o8

e W e .
D B I R Y ST
a i . "‘.M_".n.t.n*.;}‘.n AT At

which must be accommodated. For each combination of
conflicting movements, that set with the largest combined
volume represents the critical movement. The sum of the
critical movements provides the measure for relating volume to
capacity and thus the measure for determining the level of
service expected at the intersection.

Critical Movement Analysis is based on "per lane" volumes. Key
to the analysis are the assumptions made regarding the maximum
number of vehicles per lane that can be accommodated at an
intersection per hour of green. The determination of this
value proceeds from the observation that a discharce rate of
2000 passenger cars per hour of green is a theoretical maximum.
Because of time lost due to gueue start up and signal change
intervals, the maximum discharge of a single lane At signalized
intersections typically varies from 1500 to 1800 passenger cars
per hour of green. The values recommenced for use in Circular
212 are at the low side of this range since they take into
account other factors which reduce capacity such as buses and
trucks in the traffic mix, impedances due to left turns,
pedestrian traffic, parking activity and bus stops and the
assumption of a 15 percent peaking characteristic (PHF = .85)
within the peak hour.

The values used in this analysis for determining level of
service (LOS) from the maximum sum of critical volumes are in
terms of ranges for each LOS. The meaningful number in
establishing these ranges is the volume (in vehicles per hour
of green) assumed as the upper limit of LOS E, in this case
1500 vehicles per hour for two phase signals, 1425 for three
phase, and 1375 for four or more phases. These values are
recommended for planning applications of the technigue.

The results of the intersection volume/cavacity and LOS
analysis are shown in Table IV. The first column shows
expected conditions with 1990 background (non-project) traffic
given the existing geometry and lane configurations at
intersections. Traffic would be accommodated at LOS A at all
intersections except those on Broacdway.

When the Navy traffic is added, there is a reduction in level
of service at all intersections along the primary routes of
travel. At five of the intersections, the reduction in level
of service results in an unacceptable condition, that is, LOS E
or F.” At these intersections improvements in the form of
additional lanes or reconfiguration of lane designations are
needed to increase capacity. Potential changes in geometry and
traffic control at these intersections are described in Table V
along with the revised level of service calculated for each
intersection with the changes in effect.
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TABLE IV : oy

INTERSECTION LEVEL OF SERVICE
EXISTING GEOMETRY

1990 Background 1990 Traffic

Peak Traffic W/Navy
Intersection Hour v/c Los v/c Los
Marine View Drive
at Navy access (am) - - 1.31 F
at Navy access (pm) -- - 0.93 E(1)
at 21st (am) -- - 0.69 - B
at 21st (pm) - -- 0.72 c
at Scott Paper (pm) - -~ 0.74 o
at Everett (am) 0.22 A 0.90 D
at Everett (pm) 0.26 A 1.1¢€ F
-at California {pm) 0.19 A 0.59 A
at Hewitt (pm) 0.23 A 0.82 D
at Pacific (pm) 0.43 A 0.94 E
Pacific Avenue
at Rucker (pm) 0.48 A 0.78 c
at Colby (pm) 0.59 A 0.79 c
Broadway
, at Everett (pm) 0.77 C 0.83 D
‘ at Pacific (am) 0.44 A 0.73 o
' at Pacific (pm) 0.83 D 1.07 F
at 37th (am) 0. 44 A 0.60 A
at 37th (pm) 0.82 D 1.07 F
E Rucker
at Everett (pm) 0.36 a 0.49 A
at Hewitt (pm) 0.40 A 0.57 A
F at 37th (pm) 0.44 A 0.53 A

Y

(1) Assumes 3-lane exit from the base with
one left turn and two right turn lanes.
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TABLE V 5

POTENTIAL CHANGES IN INTERSECTION GEOMETRY AND TRAFFIC CONTROL ,
AND REVISED LEVEL OF SERVICE N

1

1990 Traffic

s

Potential W/Navy
Intersection Changes v/C LOS.
Marine View Drive Add NB left turn lane; 0.82 D ﬂ
at Navy access permit left turns from

inside through lane

Marine View Drive Add SB left turn lane; 0.62 - B
at Everett install three phase

signal q
Marine View Drive Change lane designations 0.68 B
at Pacific of SB approach to provide
an exclusive left turn *

lane with all movements
permitted from right lane

Broadway Add eastbound to south- 0.87 D
at Pacific bound right turn lane

Broadway Provide three lanes from 0.87 D
at 37th from 37th eastbound; left

turn, through/right and
right turn only. Add
right turn lane southbound
to eastbound.
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From the intersection volume/capacity analysis it may be
concluded that; (1) a five-lane configuration on West Marine
View Drive with turning lanes as proposed at the intersections
with Everett and Pacific Avenues would operate at LOS B, thus
providing a substantial reserve capacity for future growth, (2)
1f only one intersection is provided for Navy Access, it would
operate at LOS D/E, and (3) elsewhere within Everett the Navy
generated traffic can be accommodated with the existing
arterial system and intersection geometry at no worse than LOS
C, except on Broadway where additional turning lanes will be
needed at the intersections of Broadway with Pacific Avenue and
37th Street. With added lanes for the critical turning
movements these intersections will operate at an acceptable
level of service (LOS D) but with little capacity for future
growth. ' .

The projected condition on Broadway suggests that more traffic
may actually divert to alternate routes than was indicated by
the assignment. The available alternates are via the Pacific
Avenue interchange with I-5 or via Rucker/Colby and 41ist
Street. These routes have adequate capacity to accommodate
more of the Homeport generated traffic.

Sensitivity

The issue of sensitivity involves the guestion of how much of a
change there would have to be in the traffic forecasts (or
calculated capacity) to change the conclusions regarding the
impact of Navy traffic.

Homeport traffic generation. The method of estimating daily

’ and peak period Homeport traffic has been somewhat of an issue.

In the current study, for instance, there was a guestion as to

whether the Destroyer Tender personnel should be included in

’ the base for estimating the trips generated at the Everett
facility. Because of this issue, the initial intent was to

prepare traffic estimates with and without the Destroyer Tender
personnel assumed in the calculation. As i1t turns out,

' however, there is only a six percent difference in peak hour

traffic between the two calculations. The small difference in

the peak hour traffic estimates is due to the fact that the

| Destroyer Tender personnel will not make home=-work trips. The

difference, which is within the range of forecasting accuracy,

was not enough to affect any of the traffic impact findings.

A more relevant indication of sensitivity is provided by
comparing the findings of this study with the projected impact
of a Homeport traffic generation scenario of 25,800 vehicles
per day as was assumed in the most recent previous studv., This
estimate assumed a 15 ship Battle Group (insteadé of 13). The
"worst case” zraffic estimates assumed the Battle Group at full
strength prior to deployment on sea duty, the Destroyer Tender
in port and the Marine Air Wing gquartered on the Carrier.
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Again, the difference in peak hour traffic (comparing the major
direction of flow) is much less than the difference in daily
traffic. While daily traffic would be 24 percent greater with
the 24,800 vehicles per day scenario, the peak hour peak
direction is only 9 percent greater. This is beacuse the
Destroyer Tender and Marine Air Wing, since they are homeported
elsewhere do not generate home-work trips while at the Everett
facility. As for the traffic impact, with the 24,800 vpd
scenario the level of service on Marine View Drive with the
proposed five-lane configuration would be no worse than LOS C,
except at Navy Access Road where it would be D/E.

Background traffic. The analysis is even less sensitive to the
potential underestimation of background traffic. Assuming that
the background traffic has been underestimated by a third, that
is, it will actually turn out to be 50 percent greater than
what has been forecasted with the improvements as indicated.
The V/C ratio at the intersection of W. Marine View Drive and
Everett would increase from .62 to .73 and at W. Marine View
Drive and Pacific from .68 to .82. This would result in LOS C
at the former intersection and LOS D at the latter.

Considering the sensitivity of the analysis to changes in the

raffic estimates as indicated above, it is reasonable to
conclude that the findings regarding intersection capacities
and lane requirements on West Marine View Drive are valid with
a sizeable margin for error in the traffic estimates.
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V. SUMMARY OF FINDINGS

BACKGROUND TRAFFIC

] Comprehensive traffic count data covering existing
conditions in the City of Everett were made available for
this study.

] 1990 background traffic (projected conditions without the
Homeport) was estimated for the area included in the
analysis. Traffic growth to 1990 is expected to be modest
on those arterials serving mainly local traffic in Everett.
Higher growth rates (16 to 25 percent between 1983 and
1990) are expected on the regional highways such as I-5 and
SR-2 in the general area. Intermediate rates .of growth are
expected on Everett arterials connecting with the regional
highway system.

° Peak hour traffic volumes in Everett are generally 9 to 10
percent of average daily traffic. The directional split is
typically 55/45.

HOMEPORT TRAFFIC

o The Navy's current ship berthing/personnel loading plan for
Everett provides for 13 ships and 6740 personnel assigned
to the Carrier Battle Group (CBG). Shoreside personnel
permanently assigned to t..e Homeport would include about
870 military and 475 civilian employees.

® A Destroyer Tender with 1800 assigned personnel will spend
one month per guarter at the Everett facility.

o It is estimated that 21,800 vehile trips per day will be
generated by the Homeport under "worst case" conditions,
that is, when the CBG is preparing for deployment and the
Destroyer Tender is in port. The estimate is developed
using a trip generation rate of 2.46 vehicle trips per day
for the 7610 military personnel assigned t< <he CBG and
1.72 vehicle trips per day for the 1800 perz.:.-el on the
Destroyer Tender.

e About 4070 of the military and civilian employees assigned
to the Homeport will live -Zf-base. During per-...3 of
maximum activity these personnel are expected to generate
about 6100 home-work vehicle trips per day.

o It is estimated that 2490 vehicle trips, 1ll.4 per-2nt of
daily traffic, will occur during the P, M. Pex: ~ .r and
2310 vehicle &tric-. 10.6 percent of daily tra::i-z during
the A.M. Peak Hour. About 71 percent of P.M. Peak Hour
traffic and 77 percent ot .M., Peak Hour traffic consists
of home-work trips.
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Estimates of Homeport traffic developed in this study are
about 8 percent higher than what was estimated for the FEIS
(June 1985), but about 15 percent lower than the prevxous
PSCOG estimates (August 1985).

TRAFFIC IMPACTS

About 16 percent of daily traffic generated by the Homeport
is expected to use the north access corridor and 84 percent
the south access corridor. For the P.M. Peak Hour the
respective shares are 22 and 78 percent respectively.

Almost a third of the Navy traffic will use cross-town
routes to access I-5 South. The minimum time path for this
traffic is via W. Marine View Drive, Pacific Avenue and
Broadway. Not all traffic will use this route since
alternative routes with only marginal differences in travel
time are available.

Generally, the Everett arterial system can accommodate 1990
background (without Navy) traffic at Level of Service (LOS)
A, except on Broadway where LOS C/D can be expected at
major intersections during the P.M. Peak Hour.

The addition of Homeport traffic as estimated for the
"worst case" condition will have the following impacts:

- Traffic will increase by 100 percent or more on Marine
View Drive between the Navy access and Pacific Ave. and
also on Everett and Hewitt Avenues between Marine View
Drive and Rucker Ave.

- There will be a reduction in LOS at virtually all
intersections on primary routes of travel.

- With existing geometry and traffic control,
intersection capacities will be exceeded at four
locations; on Marine View Drive at Everett Avenue and
at Pacific Avenue and on Broadway at Pacific Avenue and
at 37th Street.

LANE REQUIREMENTS

At the four intersections identified above, additional
lanes or reconfiguration of the existing roadways will be
required to provide an acceptable level of service. A
five-lane roadway on W. Marine View Dr. would provide the
additional lane required at the critical intersections plus
adeguate qQueuing space in advance of the intersections.
With such an improvement all of the intersections on W.
Marine View Drive, including those at Everett and Pacific
Avenues, would operate at level of service B with the Navy
traffic.
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If only one gate is provided at the Navy facility, there
would be a requirement for three lanes outbound at the
intersection with W. Marine View Dr. to accommodate the
P.M. peak. There would also be a requirement for at least
three lanes northbound on Marine View Dr. to accommodate
the A.M. peak. With this geometry the intersection would
operate at level of service D/E during the respective

peaks.
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TABLE A-1 o
DISTRIBUTION OF VERICLE TRIPS BY 20NE ‘
Arlington, Marysville, Stanwood, -ﬁ
Granite Falls and Arlington AU
Home-Work P |
New old _Person Trips_ Vehicle Trips "
TAZ TAZ Workers Transit Auto work Other
440 286 25 - 45 43 106 Qi
436 287 25 - 45 42 30 -
288 49 . - 88 g8l 113
437 289 105 5 184 169 405
438 290 147 S 260 240 320
439
442 291 52 - 94 85 120
441 292 20 - 36 33 40
443 293 90 - 161 139 43
497 303 90 - 161 139 50
498 304 17 - 31 24 15
S00 305 129 - 230 166 234
TOTAL 749 10 1335 1161 1476

Snohomish, Lake Stevens,
Monroe, Sky Valley

409 276 5 - 9 9 25
408 277 6 - 11 11 30
423 278 61 11 99 92 140
424 279 ‘100 18 162 150 283
435 280 91 12 152 141 450
410 (1) 117 10 201 187 250
496 302 101 - 182 152 210
TOTAL 481 51 816 742 1388

(1) Includes Monroe which was formerly outside the old TAZ
structure and a part of external station 302.
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Everett-Central North

New 014

TAZ TAZ workers

427

428 281 125

429

431 282 65

430

433 283 180

432 284 130

434 285 70
TOTAL 570

Everett-South Southwest

415 271 60

418 272 30

419

420 273 70

425

426 274 100

421

422 275 64
TOTAL 324

Paine Field, Alderwood Mall

— O

404 260 30

405 261 80

411 265 68

412 266 255

413 267 170

L TOTAL 603

‘ Island Céungx
501 306(2) 57

' (2) Mukilteo Ferry Terminal

TABLE A-1 (Continued)

Home-Work

_Person Trips_

Transit Auto

20

15

30
20

205
102
294
214
122

937

98
50

111

155
105

54
135
122

[
(¢}
ta

37

Vehicle Trips

5 e

work Other
186 2430
93 418
267 780
185 510
111 140
852 4278
89 850
45 460
101 760
141 1050
95 235
471 3355
49 50
121 530
110 140
398 480
267 279
945 1479
74 121
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TABLE A-1 (Continued) %
Edmonds, Lynnwood, Mountlake Terrace
Home-Work 4
New old _Person Trips_ Vehicle Trips %
TAZ TAZ wWorkers Transit Auto Work Other
382 3
383 248 25 - 45 37 20
384
385 249 35 - 63 52 40 ;]
386 -
388
387 250 105 - 189 1585 120 g
394 254 35 - 63 52 180 J
395 :
3986 255 30 - 54 44 60 \
399 o
400 256 30 - 54 44 40 )
397
401 257 34 10 51 42 150
398 258 45 - 81 86 40
402 259 80 4 140 115 377
TOTAL 419 14 740 607 1027
North Creek, Maltby, Cathcart
389
390 251 40 i¢ 62 S4 40
391 252 S0 - S0 78 60
392 253 30 - 54 47 40
403 262 45 5 76 66 150
407 263 2% - 45 39 53
393 264 40 - 72 63 50
414 268 45 5 76 66 200
406 269 45 - 81 71 25¢
oy 416
Y 417 270 45 -- 81 71 250
v : - — - - .
o TOTAL 365 20 6§37 554 933
o -
% Ritsap
5%{ 307(3) 22 - 40 28 31
(3) Edmonds Ferry Terminal
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TABLE A-~1 (Continued)

Home-Work :
Imputed _Person Trips_ Vehicle Trips
Area TaZ Wworkers Transit Auto Wwork Other
Shoreline 241 57 - 103 89 69
Bothell 178 52 - 92 81 60
Eastside 167 91 - 164 131 262
North
Seattle 233 179 - 322 239 662(4)
Central .
Seattle 194 96 - 173 128 384
Other
King Co. 146 10 - 18 12 151

{4) Includes about 80 one-way shuttle bus trips.
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APPENDIX B R
B
TABLE B-1 had
TRAFFIC CHARACTERISTICS DATA -~ MAYPORT NAVAL STATION, FLORIDA )
1. Vehicle counts with the Saratoga in port.
A2
Qutbound Daily P.M. Peak Hr. A.M. Peak Hr. =
Main Gate 7350 922 246 e
Seminole Gate 2525 742 63 ?:j
Mayport Gate 350 106 29 o
Total 10225 1770 338 ‘1
Inbound h
Main Gate 8400 409 1185 -
3 Seminole Gate 970 3 514
- Mayport Gate 500 19 43
7 Total 9870 431 1742 j
e
' Both Directions 20095 2201 2080
Percent of Daily 100.0 11.0 10.4
Directional Split -- 80/20 84/16

2. Vehicle Counts without the Saratoga in port.

Outbound Daily P.M. Peak Hr. A.M. Peak Hr.

Main Gate 5850 811 185

Seminole Gate 2325 683 58

Mayport Gate 300 68 29

Total 8475 1562 272

Inbound

Main Gate 7500 367 1019

Seminocle Gate 830 3 485

Mayport Gate 260 19 43

Total 8650 389 1547

Both Directions 17125 1951 1819

Percent of Daily 100.0 11.4 10.6

Directional Sclit -- 80/20 85/15
5 Source: M:litary Traffic Management Command, "Traffic Engineering
o Planning Study Nawa! St=ation, Mayport, Florida," Feb. 1984
Ur Data derived from Figures 3, 5, 6: and Tables 2, 3, 4.
g
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PREFACE

The U.S. Navy has proposed to homeport a Carrier Battle Group,
consisting of 11 to 13 ships, in Puget Sound at Everett, just north
of Seattle, Washington. A total of 3.3 million cubic yards of
material would be dredged from East Waterway to provide berthing
depth. Approximately 928,000 cubic yards of that total is
contaminated. The proposed plan includes mechanical dredging of
the contaminated sediment and contained aquatic disposal (CAD) at
an average depth of 350 feet in Port Gardner. Capping of the
contaminated material would be by hydraulic dredging the remaining
approximately 2.4 million cubic yards of cleaner, underlying
sediments.

This Technical Supplement report is an addendum to the Corps of
Engineers June 1986 report and presents information and analyses on
sediment testing and numeric dump modeling studies performed by the
Corps' Waterways Experiment Station (WES), site investigations and
tests performed by other Corps' contractors, and pertinant
information from other Puget Sound studies which have become
available since June 1986. The report provides project-specific
evaluation to assist the Navy in meeting the requirements of NEPA,
the Clean Water Act, and other appropriate Federal laws.

This report was prepared by the Seattle District, U.S. Army Corps
of Engineers, Engineering Division. Principal author is Mr. John
F. Malek, Assistant Project Manager, Planning Branch. Project
Manager for the U.S. Navy Homeport Technical Assistance is Mr.
Walter L. Farrar, Assistant Chief, Planning Branch. Technical
input, review, and comment were provided by Mr. Keith E. Phillips,
Assistant Study Director, Puget Sound Oredged Disposal Analysis,
Planning Branch; Mr. A. David Schuldt, Chief of Tidal Hydraulics
Unit, Civil Projects Section, Planning Branch; and Mr. Eric E.
Nelson, Hydraulic Engineer, Civil Projects Section, Planning
Branch.

The report was prepared under the general supervision of Mr. Dwain
F. Hogan, Chief of Planning Branch; Mr. Richard P. Sellevold, Chief
of Engineering Division; and Major Franz E. Koch, Deputy Commander
- Military.

District Engineer of the Seattle District is Colonel Roger F.
Yankoupe.
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TECHNICAL SUPPLEMENT

to

SEDIMENT TESTING AND DISPOSAL ALTERNATIVES EVALUATION
PART 1: BACKGROUND

Purpose and Scope. The U.S. Navy has proposed to site a Carrier Battle
Group (CVBG) Homeport at Puget Sound in the East Waterway of Everett Harbor,
wWashington (figure 1). Construction of the Homeport facility will involve
dredging and disposal of contaminated and uncontaminated sediments from the
East Waterway. This report is one component of a technical assistance
program to aid the Navy and its Architect-Engineers (A-Es) .in design of
dredging and disposal features for the project.

This report describes supplemental information and analyses which have
become available since mid-May 1986 and is intended to be used in
combination with the "Sediment Testing and DIsposal Alternatives Evaluation”
report, dated June 1986. Changes in conclusions, as appropriate, resulting
from new data generated or evaluated are provided.

Project Descrintion. The dredging and disposal component of the
proposed Homeport continues to evolve. Although CAD remains the Navy's
preferred disposal alternative, the proposed site has shifted from the Deep
Delta CAD site to a Southwest CAD site, and presently to a Revised
Application Deep (RAD) CAD site. The RAD CAD site is located in the same
general area in Port Gardner as the Deep Delta and Southwest CAD sites, but
at a greater depth to minimize adverse impacts to Dungeness crab resources.
In addition, the U.S. Navy is evaluating use of an upland site located on
Smith Island. These sites are located on figure 2.

Corps of Engineers' Techmical Assistance. Submittal of this Technical
Supplement completes documentation of Phase III efforts as specified in the
approved work plan for Seattle District techncial assistance to the U.S.
Navy. Previous reports to the U.S. Navy include the "Sediment Testing and
DIsposal Alternatives Evaluation" report, dated June 1986, and the "Dredging
and Disposal Design Requirements" report, dated March 1986. Remaining
technical assistance efforts contained in the work plan and which are
scheduled for completion in January 1987 are:

0 complete on-going contracts;
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PART II: DESCRIPTION AND RESULTS OF DREDGE AND DISPOSAL ALTERNATIVES

RSN Smith Island Upland Disposal Site. The Navy final environmental impact
- statement identified several upland sites located on Smith Island. Two
sites, designated as Smith Island 2 and Smith Island 4 (ABAM, 1986), were
P considered by the Navy to have the best potential for disposal of East

47,
rr
l’l

Waterway sediments. These Smith Island sites could be excavated to allow
placement of most of the contaminated sediments below the ground water table
- where they would remain anaerobic or they could be diked and used as a

RN conventional upland site where the sediments would become aerobic.

Smith Island has been evaluated under the National Flood Insurance
e Program as part of the Snohomish County Flood Insurance Study, dated
AN September 5, 1983, and is identified as a flood hazard area. The 100-year
flood elevation at Smith Island is 9 feet above National Geodetic Vertical
" Datum (NGVD). Existing levees at Smith Island are inadequate to protect
q." against seeping and overtopping during a 100-year frequency flood. Studies
would be nececssary to determine ground water levels as well as directions
and velocities of underground flow.

The testing results described in the Corps' June Disposal Alternatives
report and the supplemental results contained in this report are directly
a applicable to evaluation of an upland site. There are insufficient

technical data presently available on the Smith Island site to determine if
its use is feasible based uwupon environmental and engineering factors.
Preliminary cost estimates indicate that use of Smith Island would cost more

@fﬂ% than CAD. Until site configuration and additional data on site conditions

MR are obtained, a site-specific evaluation for upland disposal similar to
those performed in the June report cannot be performed.
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PART III: DESCRIPTION AND RESULTS OF STUDIES AND TESTS

Sediment Testing.

Mass Release Performance Goal. A performance goal of 5 percent for
total mass release for contaminants from both dredging and disposal was
specified as a means to evaluate the efficiency of performances of
conventional dredging equipment and return parthways (e.g., effluent,
disposal discharge, etc.). The 5 percent goal does not consitute a standard o
to be met in any regulatory or contractural sense nor does it have any iy
direct application to environmental impact. All mass release estimates were
made based on the best current information and all tend to be conservative.
For example, the 2 percent resuspension during clamshell dredging was Rt
assumed to be completely lost for purposes of performance evaluation. This e
overestimates dredging mass release, as a significant percentage of the A
suspended material will resettle in the dredge area and be removed in the -
next dredging pass. The mass release performance goal allows a manager to
compare performances of hydraulic versus mechanical dredges or of individual
disposal sites. This evaluation can suggest also that controls could be
useful to reduce mass releases via a particular return pathway (e.g.,
effluent return). The appropriateness and need of additional control is a ¥
separate reqgulatory decision. e

Comparison of East waterway Sediment Values to Preliminary Puget Sound :
Guidelines. The results of chemical and biological tests conducted in 1984- o
1985 (COE, 1985a & 19850) on East Waterway sediments were interpreted using
available interim criteria for dredged material proposed for discharge at =y
the Fourmile Rock and Port Gardner disposal sites. (The Port Gardner e
interim criteria are essentially identical to the Puget Sound Interim Y
Criteria.) These interim criteria, developed by Region 10, Environmental il
Protection Agency (EPA) and the washington Department of Ecology (WDE), were <
: the only ones available for regulatory purposes in Puget Sound and are A
-, expected to govern through completion of the proposed Navy proiect. New S
E;} disposal guidelines are presently being developed by the Puget Sound Dredged

Disposal Analysis (PSDCA). Expected to be available in late 1987, the new

disposal guidelines will eventually replace the interim criteria. They will
E be applicable primarily to the multi-user sites designated and managed by

the Washington De artment of Natural Resources (ONR) for unconfined, open-
water disposal of dredged material irn Puget Sound.

i

&7

A comparison of East Waterway contaminated surface composite (using PNL
data from the Phase III testing results) with the August 1986 proposed PSDDA
guidelines indicates that East Waterway material would be labelled as \
Category 4. Due primarily to the high levels of polynuclear aromatic 3
hydrocarbons (PAH's) anc the bioassay responses, East Waterway contaminated
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material could not be discharged unconfined in Puget Sound. Confined
disposal (either aquatic, land or shore) would be reguired.

-

Sea Surface Microlayer (SSM). The SSM consists of the top 100 microns
of the sea surface where large numbers of bacteria, phytopplankton, and :
animal eggs and larvae have hbeen shown to occur. In addition, the SSM often i
concentrates materials that are not very soluble, are lighter than water,
and/or are adhered to floatable matter. Recent testing of the Everett
Harbor contaminated sediments (appendix E) indicate that the fraction of the d
sediment metals and extractable contaminants found in the microlayer in |
experiments designed to simulate the dredging and disposal sediment
disturbances varied between 0.0l and 0.02 percent. The less soluble
contaminants, such as PCB's and pesticides, were not released in measurable i
quantities. Though additional biological testing is still under analysis,
these data suggest that the bulk of the sediment contamination will remain
associated with the sediment particles, and that SSM for the East Waterway

1
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Environmental and Engineering Tests. }

Leachate Test. Aerobic leachate tests have been completed and data and
interpretations are contaimed in appendix C to appendix A. The fraction of
metals that was resistant to anaerobic leaching was generally greater than
90 percent of the bulk sediment concentration. Under aerobic conditions,
over 85, 65, and 49 percent of the Zn, Ni and Cd was mobilized in the tests.
This higher metal release observed in aerobic testing is related to pH: the
pH in aerobic testing was lower than the pH in anaerobic testing. Recently
available data from the leachate tests confirm earlier assessments, as shown
in Table 1.

The table shows that Cr and Pb predicted leachate qualities for the
anaerobic disposal environment slightly exceed drinking water standards. In
aerobic disposal environments, Cd, Cr and Pb would exceed standards by a
substantive amount. Though the application of drinking water standard as
criteria for the design of an upland site may not be appropriate for sites
not in proximity to potable ground water, these data clearly suggest that
potential leachate losses would need to be addressed for upland disposal.
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TABLE 1
CONTAMINANT LEACHING CONCENTRATIONS
(mg/1)
Federal/State
Contaminant Anaerobic Rerobic Jrinking water Standards

As .039 <0.005 0.05

Cd .010 0.034 0.010

Cr .080 2.27 0.05

Cu .096 0.023 1.0

Ni .052 0.449 NA

Pb .058 0.210 0.05

Zn .181 3.5 5.0

PCB .00036 0.00l76 NA

Consolidation Test. A consolidation test was conducted using the
composited contaminated sediment to provide data for evaluation and
settlement rates for confined sites. The test resul:is, contained in
appendix G of appendix A, are applicable for evaluation of both nearshore
and upland sites. The physical properties of the contaminated and native
sediments are similar and consolidation behavior for the two sediments would
be comparable on a qualitative basis. WES has made predictions of
consolidation behavior of capping material for the CAD alternative. Results
indicate that the assumption of 50 percent consolidation of the cap is very
conservative.

Mounding Evaluation. An evaluation of mounding characteristics for the
CAD design was made (appendix A). This evaluation replaces the evaluation
made in the Disposal Alternatives Report and utilizes results of WES
Hydraulics Laboratory dump modeling and data from existing disposal mounds.
The evaluation by WES did not include placement of a berm, which is
considered to be an additional conservative measure. The mounding
configuration describec indicated that sufficient caoping material is
available to place the required one meter cap over the contaminated mound.
Monitoring should define the final configuration of the contaminated mound
and the applied cap thickness after initial placement and consolidation.

Oump Model Studies. A technical supplement report has been prepared by
WES Hydraulics Laboratory and is provided as appendix B. These data and
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evaluations were included in the Disposal Alternatives Report in summary
form. Results of the 400-foot model run were provided to the Navy as
supplemental information.

Disposal Site Biological Investigations. Appendices C and D contain
the Summer Trawl Report (June trawls) and Autumn Trawl data (September
trawls) provided by the University of Washington School of Fisheries and
Fisheries Research Institute. The Autumn Trawl data include Dungeness crab
catchs only. An Autumn Trawl Report is scheduled for submittal in October
1986. This completes Phase III disposal site investigations in Port
Gardner.

Dungeness crab. Results of the June and September trawls confirm
earlier conclusions that Dungeness crab are present in significant numbers
throughout the year in the area of the Deep Delta CAD. Crab catches were
sharply reduced in the September trawls and greater movement of crabs into
deeper water was noted. Relocation of the CAD site to deeper water (RAD
CAD) places it at the Control 1 site defined for this study. Crab abundance
has been consistently low throughout the study at this location.

Shrimp. Average shrimp densities in Port Gardner remained low for
June. September trawl catches have not been processed. The highest shrimp
densities were off Mukilteo. Unpublished data have been obtained and are
being analyzed to provide perspective on the relative importance of shrimp
in Port Gardner.

Bottomfish. Bbottomfish patterns for abundance and biomass in June were

‘similar to previous trawls. Results continue to support the conclusion that
the Deep Delta CAD area may be a nursery area for juvenile Pacific hake.
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PART IV: EVALUATION OF DREDGING AND DISPOSAL ALTERNATIVES

Disposal Alternatives Analysis. Appendix F presents the relative
advantages and disadvantages of disposal alternatives that have been
considered for disposal of East Waterway sediments. A comparison of
alternatives is presented, noting the important issues and tradeoffs
associated with each disposal alternative. Three basic types of disposal
are typically considered for contaminated dredged material: contained
aquatic (CAD), nearshore (intertidal), and upland. Summaries of pertinent
information are as follows:

Contaminant Pathways. The key contaminant pathways that require
consideration for Everett Harbor sediments are:

CAD: deposited mound
near-bottom mass release

Uplénd: effluent releases
leachate releases

For CAD, current estimates of the mass release for the combined
dredging and disposal are around 4.1 percent, split evenly between the
dredging and disposal sites. Though estimated mass release for upland
depends on the specific site involved, releases for the nearshore sites in
the Everett Harbor area were calculated to vary from 4.3 to 5.5 percent.
The primary differences between CAD and upland mass releases is the
potential for using effluent treatment to reduce contaminant losses. Given
the unknown fate of the releases, proper siting of the disposal site and
reasonable management practices (including design and performance goals) are
the primary tools for addressing mass releases. The fact that the bulk of
the contamination still remains with the deposited sediments is also
salient.

Control and Treatment Options. Primary control and treatment options
to restrict contaminant migration address:

0 . resuspencion at the dredge site

o pathways a3t tne CAD

o contaminant migration through pathways of:
-surface water
-leachate/ground water
-plant/animal uptake
-air

P N

P PN Y 'y

e I TS

"l"'l <
y 5 %

v P

2AAR

ey

st
s ]

" li?"f _Sx_'_ ; :

v
“ % "s
oo |

Vo
£ 1’*’1' "1'.

|

i En
RN A Ay "
BN A4S ‘V‘ 3

.

v s
AN




Remedial Action Techniques. For CAD, the placement of additional or
different capping materials is the primary method for remediation. Possible
reasons for failure of the original cap include:

incomplete original capping (or inadequate thickness)
unexpected animal or human bioturbation

unexpected physical erosion or geologic disturbance
through-cap diffusion of chemicals

ebullition (gas formation) and cap disruption

0O00O0O0

Of these five possibilities, the first three are more likely than the latter
two. These three are effectively addressed by adding more cap material.
Through-cap diffusion is a very slow process. This diffusion rate can be
easily monitored via cap coring and analysis (most caps are self-healing
after coring). More cap material continues to effectively prevent release
of the contamination. Ebullition can result in gas-transported contaminant
loss, but is greatly reduced in anaerobic environments relative to aerobic
ones. Any physical cap disruption can be repaired by more cap material. In
addition, different cap materials can be brought to the site to improve
thickness, provide resistance to erosion, reduce permeability, etc., as
needed.

Remedial response at upland sites is much more diverse. Once the site
has been filled, typical monitoring includes leachate and runoff quality
measurements. Assuming runon controls and surface covers are in place, and
gas formation is not a major issue, the emphasis in the long-term is ground
water and surface water seeps. Sites can be designed to include second
liner systems and leachate collection drains, though these types of designs
are usually specified for more dangerous and hazardous waste. With these
systems, leachate can be monitored, collected and treated, as necessary.

Disposal Site Tradeoffs. In general, disposing of contaminated
sediments in a chemical environment as close as possible to their in situ
state favors retention, especially of metals. Geochemical changes
associated with air and oxygen in upland and nearshore sites can change
sediment pH (mobilizing metals) and alter (dissolve, degrade, or volatilize)
sediment organic carbon (mobilizing organics). Based on this, many
contaminants would tend to stay bound to sediments better in an open-water,
capped site than a nearshore or upland site.

Open-water sites, especially those in deep water, have fewer transport
mechanisms (e.g., air is absent) than upland sites. Nearshore sites have
the most transport routes available and are located in a very active
environment; therefore, nearshore disposal generally is the least preferred
method for long-term confinement of contaminants.

In terms of controlling contaminant release, open-water disposal allows
for very few controls of releases other than cap thickness. However,
increasing cap thickness is a relatively simple and effective control
method. Upland disposal, on the other hand, allows for the greatest control
through design features, monitoring capatilities, backup contaminant
intercept systems, and treatment facilities.
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CAD allows higher short-term mass releases, but has opportunities for
longer-term control due to lower mobility of chemical contamination. Upland
disposal has less short-term mass releases, but greater long-term concerns
due to mobilized contamination and the active physical forces that can move
contamination. Nearshore, generally a more dynamic environment than either
CAD or upland, shares advantages and disadvantages of both the other
alternatives.
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PART V: CONCLUSIONS

General. Any disposal operation involving contaminated sediments must
be considered a complex engineering and construction activity due to
potential risks to the environment in the event of error and/or failure.
Although there is greater familiarity with design and construction of
nearshore and upland confined disposal sites, the need for sound engineering
and construction techniques applies equally to these options as for the
Navy's preferred alternative, contained aquatic disposal (CAD). while it is
true that CAD has not yet been attempted in over 100 feet of water, the
field work of Yale University found the same placement processes occurred in
depths ranging from 60 to 220 feet. The same physical parameters of
sediment settling occur at depths of 300 to 400 feet, therefore, CAD at
these depths is more an extension of existing technology than new
technology. Corps' sediment disposal evaluations have been made using a
Management Strategy based on 15 years of intensive research on dredging and
disposal and employing the best available technical approaches, including
testing protocols designed especially for dredged material and disposal
modeling. Nevertheless, there is no way to predict with absolute certainty
what will occur during construction. The monitoring plans presented have
been developed to compensate for this uncertainty and to determine the
effectiveness of performance. Continuity between design and construction
must be recognized and reflected in contract flexibility that permit quick
response to monitoring results and necessary adjustments to dredging or
disposal operations.

Oredging. Conclusions presented in the June 1986 Disposal Alternatives
Report have been reviewed and updated as appropriate. The specific
conclusions for mechanical and hydraulic dredging remain effective.
Supplemental conclusions are presented below:

0 Debris removal and sediment dredging should occur as concurrent,
but separate, activities. Debris removal should be by orange peel or
similar equipment onto a separate barge for subsequent upland disposal.
Large, solid debris removed incidental to sediment dredging should be
transferred to the debris barge. Soft or small debris removed incidental to
sediment dredging can be handled and disposed with the dredge contaminated
material.

0 Dredging of the dredge contaminated material in the inner harber
(P-112 and P-905) should occur beginning at the north end of the waterway
and proceeding south to the extent practicable.

o Material to be used for berm construction should come from the area
of the breakwater. The top two feet (average depth) of sediment to be

15
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dredged in fiscal year 1987 (P-111) at the carrier pier and around the
outside of the mole is contaminated. Dredging of this material should occur

in two lifts. The first lift should remove at least the top two feet with i;;;
disposal of this material on top of or with the dredge contaminated
sediments. This lift can be accomplished by mechanical or hydraulic dredge. s
The remainder of the sediment from this area can be removed during the ‘.
second lift as a single unit.

Disposal. Conclusions presented in the June 1935 Disposal Alternatives

Report have been reviewed and remain effective Supplemental conclusions 5
are presented below:
0 Results of the June and September trawls by the University of QQéa
washington School of Fisheries confirm earlier conclusions that Dungeness
crab are present throughout the year in the area of the original Deep Delta
CAD site. The relocated RAD CAD site is virtually the Control 1 site which el
will lessen adverse impacts to the crab and bottomfish resource. il
0 Accurate placement of the contaminated sediment by surface Ko

discharge from bottom-dump barges is considered feasible and environmentally
acceptable provided (1) point dumping can be assurred and (2) the barge is
completely stopped during discharge. Control of the barges during surface
discharge of the contaminated sediment must be maintained, e.g., taut-wire
moored bouy, short hawser, and opening the doors only when close aboard the
disposal bouy(s). Should monitoring reveal that the contaminated material o
is mounding too steeply, the discharge point should be adjusted to control iiiﬂ
mound formation to design dimensions.

o A single model run was made for bottom-dump discharge of oy |
contaminated material at a 400-foot depth. These results indicate 3.6 \}iq
percent of the material remains in suspension after 1800 seconds.

Deposition patterns for the 400-foot run showed little change over the 265- —

foot runs. This indicates that the "bottom footprint" used for mounding
evaluation of the 265-foot Deep Delta CAD would be approximately the same
for a 400-foot depth. No model rums for hydraulic placement of the capping el
material have been made for the 400 feet depth condition. However, it is (f.a

believed that results would be similar to those generated for the 265 feet “35;
depth 1
0 Consolidation tests indicate that hydraulically-placed capping 'Qsi
material will consolidate less than one foot following placement. This
indicates that the 50 percent consolidation estimate used in design is very )
conservative and that the cap will exceed the one meter operational A
requirement.
' 0 Results of aerobic leachate tests confirm potential leachate 5;31

problems with certain heavy metals (i.e., Pb, Cr, Cd) and with PCB 1254.
This is an important design criteria for upland dispcsal site(s).

Monitoring. Monitoring of CAD performance is critical. A detailed ;ﬁﬁ’
monitoring plan for CAD is provided in appendix I of the WES report. This
plan should be finalized based on final project designs and the "parameters - .

of success" to be developed by the State of Washington. Evidence of
effective capping during the first year (FY 1987) is especially important.
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Conclusions presented in the June 1986 Disposal Alternatives Report have 9
“ been reviewed and remain effective. Supplemental conclusions are presented
1 below:
|

Bz?\ 0 The Navy and State of Washington should convene an advisory panel
N of "staff level" experts familiar with Puget Sound to review final y
monitoring plans relative to the parameters of success upon which the first

year disposal will be judged. Ideally, the panel would meet before the Navy -
> commits to the parameters of success. The purpose of the panel would be to
advise the Navy of potential problem areas, application of data, etc.

0 Monitoring to determine the performance of CAD should be a separate !
activity and task from construction contractor performance monitoring.
Although there is some opportunity for overlap, this detailed monitoring
program must be conducted by a fully qualified group or firm with experience h
in data collection, analysis, and interpretation. b

Pl
X0
L

Management. These supplemental conclusions have been added to -
emphasize the importance of continuity between CAD design and construction: o

0 The Navy and construction contractor should understand that the
first year of dredging and disposal will require extraordinary attention,
flexibility, and coordination to allow adjustments to the construction as
dictated by the results of the monitoring program. The Navy should consider )
option clauses in the construction contract for changes in items such as
valumetric dumps or discharges, disposal point locations, etc. based upon
monitoring results. bt

0 Adjustments to the dredging and disposal operation should be .
anticipated and reflected in plans and specifications. X

o Continuity of key members of the design team through construction -
is essential. This would include design A-E services during construction ¢
for review of monitoring data, consultation, etc. Lacking complete N
understanding of the basis of certain design requirements, on-site
modifications may be made that violate the integrity of the design
objective.

o0 Tne Navy should consider designation of a specific office or
individual to oversee the monitoring and to coordinate the monitoring ‘ .
results into ongoing construction inspection and decisionmaking. 3
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PREFACE

This report describes supplemental information regarding an evaluation of
dredging and disposal alternatives for the proposed U.S. Navy Homport at
Everett wasﬁlngton. The U.S. Army Engineer District, Seattle is assisting the
Navy in preparing a dredging plan for approximately 928,000 cubic yards of
contaminated sediments which require dredging as a part of the project. The
report is based on current results of sediment testing and disposal modeling
being conducted by the U.S. Army Engineer Waterways Experiment Station (WES)
for the Seattle District. WES prepared a report describing design-require-
ments for the project in March 1986, and a report on evaluation of disposal
alternatives in June 1986, based on the project description, sediment testing,
and modeling conducted through those dates. This report is an addendum to the
June 1986 report and is intended to provide information in support of the
Corps permit evaluation for the project under Section 10 of the River and
Harbor Act of 1899 and Section 404 of the Clean Water Act as amended.

) The report was prepared by the following personnel of the Environmental
Engineering Division (EED) and Ecosystem Research and Simulation Divi-

sion (ERSD) of the WES Environmental Laboratory (EL), and Estuaries Divi-
sion (ED) of the WES Hydraulics Laboratory (HL): Dr. Michael R. Palermo,

Mr. Rick Shafer, Mr. Tommy E. Myers, and Dr. D. M. Griffin, Jr., EED;

Dr. James M. Brannon, ERSD; and Mr. Steven A. Adamec, ED. Technical review
and comment on various portions of the report was provided by Dr. Robert M.
Engler, Manager, Environmental Effects of Dredging Programs, EL; Mr. Norman R.
Francingues, and Mr. M. John Cullinane, EED; Dr. Thomas L. Hart and

Dr. Charles R. Lee, ERSD; Dr. Billy H. Johnson, Hydraulic Analysis Division,
HL; and Mr. John Malek of the Seattle District.

The report was prepared under the general supervision of Dr. Raymond L.
Montgomery, Chief, EED, Mr. Donald L. Robey, Chief, ERSD, Mr. William H.
McAnally, Chief, ED, Dr. John Harrison, Chief, EL, and Mr. Frank Herrmann,

Chief, HL.
Director of WES was COL Allen F. Grum, CE. Technical Director was
Dr. Robert W. Whalin. '
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INTRODUCTION

Background

The US Navy has proposed to homeport a carrier battle group at Everett,

WA. Development of the homeport will involve dredging and disposal of approx-
imately 928,000 cubic yards of contaminated sediments from the East Waterway,
Everett Harbor. An additional 2,377,000 cubic yards of uncontaminated native
material must also be dredged. The Navy has requested the Seattle District
provide technical assistance in developing a dredging and disposal plan for
these sediments from the East Waterway. In addition, the Seattle District
must act in its role as permitting agency under Section 10 of the River and
Harbor Act of 1899 and Section 404 of the Clean Water Act. The Seattle Dis-
trict has requested the Waterways Experiment Station (WES) to provide support
for testing and evaluations required for its technical assistance role for the

Everett project.

Purpose and Scope

The purpose of this report is to provide supplemental information which
has become available since June 1986 regarding evaluation of dredging and
disposal alternatives for the Everett Homeport project. Information is
provided on leachate testing, consolidation testing, applicability of modeling
results to alternate contained aquatié disposal (CAD) sites, mounding
characteristics for the CAD alternative, applicability of sediment testing

results to the upland disposal alternative 'and monitoring plans.

Sequencing of WES Reports

WES prepared a report entitled "Dredgedlﬂaterial Disposal Design Require-

ments for U.S. Navy Homeport at Everett, Washington" (Palermo, et al 1986) and
aubmiéted the report to the Seattle District in March 1986. For simplicity,
eﬁi& that report is referred to herein as the "Design Requirements” report. WES
prepared a second report entitled "Evaluation of Dredged Material Disposal

pr Alternatives for U.S. Navy Homeport at Everett, Washington" (Palermo et al
o)
»
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1986b) and submitted the report to the Seattle District in June 1986. That .
report is referred to herein as the "Disposal Alternatives" report. The Dis-
posal Alternatives report provided site specific evaluations of selected

alternativei_and was intended to support the Supplemental Environmental Impact
Statement to be prepared by the Seattle District to support the Navy's permit
application. The report was based on testing and modeling conducted as of

1 May 1986. This report supplements the Disposal Alternatives report and
contains the results ofltesting and evaluations to 1 September 1986. This

rcport?&ntended to complete technical information in support of the
evaluation for the project.

This report is not intended to be used as a stand-alone document.
Rather, it is a technical supplement to the Disposal Alternatives report.
Background information and interrelationships between the various parts of g
this report are found in the Disposal Alternatives report. Changes in con-
clusions, as appropriate as a result of new data generated or evaluated since

the Disposal Alternatives report are provided herein.
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PART II: SEDIMENT SAMPLING AND TESTING J

Leachate Prediction Tests

(This section replaces the corresponding section in the Disposal 4
Alternatives Report.) |
Procedures

When contaminated dredged material is placed in a confined nearshore or
upland disposal facility, the potential exists to generate leachates having
adverse impacts on groundwater and surface water quality. Subsurface drainage

Ay

and seepage through dikes may reach adjacent surface and ground waters, result-
ing in contamination of ground water and deterioration of surface water ‘
quality. N
At present, there is no routinely applied laboratory testing protocol
capable of predicting leachate quality from confined dredged material disposal
sites. Newly-developed testing procedures to predict leachate quality are, A
“therefore, being used to evaluate the confined disposal alternative for
Everett Harbor dredged material. These leaching techniques have only been
used once before, therefore, the procedures are in an early stage of develop- :
ment and results have been interpreted with caution. When properly applied, ]
these techniques should allow determination of the potential impacts of using
& nearshore or upland site. This information is needed to develop cost
effective site designs, ;
Appropriate testing procedures were evaluated and applied for estimating X
leachate contaminant levels from Everett Harbor sediment for the nearshore and
upland disposal alternatives. Laboratory leaching tests used for predicting
short-term and long-term leachate quality ‘included sequential batch leaching :
tests and permeameter testing, a modified form of column leaching. Results J
from these tests were combined with a mass transport equation to provide an
integrated approach for predicting contaminant concentrations from a CDF.
Details of the integrated approach and its application to Everett Harbor sedi-
ment are provided in Appendix C.
Results v
Batch Testing. The intrinsic release characteristics of Everett Harbor °
dredged material for As, Cd, Cr, Cu, Ni, Hg, Pb, Zn, PAHs, and PCBs were ‘
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;.xi det2rmined using sequential batch leaching tests. Tests were also conducted
Wi to determine shaking time required to reach steady-state concentration values,
- the proper liquid-solids ratio at which to conduct batch tests, and the
= effects of varying salinity on metal concentrations in leachate.
Desorption isotherms were developed using data from the sequential batch
leaching tests. The sequential batch leaching tests involved shaking sediment ’
20 with successive inputs of fresh distilled-deionized water and analyzing the '
{ﬁiﬁ leachate. Procedures used in the anaerobic sequential batch leaching tests X
;X§ are described in Appendix C. From the desorption isotherms, the mass of con-
- taminant leached and where possible distribution coefficients, Kd’ were
i obtained., The desorption isotherms for metals and organics fall into four 3
-Fis distinct groups. These groups consisﬁed of (1) desorption isotherms with
AN leachate values that were near the detection limit for the parameter,
"N (2) desorption isotherms that produced a linear relationship between steady-
5,*; state sediment and leachate concentrations, (3) desorption isotherms that

showed & double-valued relationship between steady-gstate gsediment and leachate

“concentrations, and (4) desorption isotherms that did not show a well-defined

relationship between steady-state sediment and leachate concentrations,
Desorption isotherms for anaerobic metals fit into all four of these cat-

egories., Hg was not detected in any of the leachates and fell into category

! (1). Cu and Pb fell into category (2). As and Ni fell into category (3), and
, Cd, Cr, and Zn fell into category (4). For aerobic sequential leaching, Hg
| :& and As fell into category (l). Ni and Zn fell into category (2), and the
.“5 remainder of the metals fell into category (4). R
mﬁs Releases of organic contaminants from anaerobic sediment were measurable
e for only 8 of 33 compounds analyzed during sequential leaching. Compounds ,
::5 that were detected fell into category (1), as all were near the detection '1
‘EE§ limit. This can be expected if the distribution coefficient is large. Dis- '
h?;ﬁ tribution coefficients for organic contaminants were calculated by computing '4
e the average from all the point estimates provided by the data from the sequen-
‘Efif tial batch leach tests.
:iéi Permeameter Testing. Continuous flow column leaching studies were con-
:jf:; ducted in divided flow stainless steel permeameters using anaerobic and aer-
S obic sediment. Column effluent was analyzed for As, Cd, Cr, Pb, Zn, and the
f-;i organic compounds listed in Table C3. The specific details of permeameter
e
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' loading and operation are presented in Appendix C., Data from the anaerobic
columns show concentrations of As below detection limits. Concentrations of
Cd, Cr, Pb, and Zn were at or above detection limits. Metal leachate

o

P concentrations from aerobic columns were generally higher and showed greater
variation than metal leachate concentrations from anaerobic columns. Leachate

¥ concentrations of PCBs from anaerobic and aerobic columns were low and no PAHs

were detected,
;b Integrated Approach. Application of the integrated approach to anaerobic
leaching of PCBs from Everett Harbor sediment showed that predicted values
agreed well with observed values and that because of the high distribution
coefficients for PCBs, pore water concentrations in the field can be predicted

. using a simple equilibrium equation. The integrated approach was not applied
! to the leaching of metals from anaerobic Everett harbor sediment because most
of the metal desorption isotherms fell into categories (1), (3), and (4).
~ Unless a metal desorption isotherm 18 a category (2) isotherm, the mass trans-
fer equation developed thus far cannot be used to predict column elution
-curves. Therefore, an approximate method, based on equating liquid-solids
ratios in batch and column tests, was developed and used to predict column
leachate concentrations using batch leaching data. Using the approximate
method, the general shape of column elution curves was well predicted for
anaerobic leaching of As, Cd, and Zn. Less agreement was observed for Cr and
Pb. Comparison of predicted to observed values was limited because of the

small region of overlap between batch and permeameter data.

iﬁ The integrated approach was not used to predict elution curves for aer-
obic metals. Previous work with sediment from Indiana Harbor has demonstrated
';‘ that leaching conditions in aerobic batch tests and aerobic column tests are
not comparable. Therefore, there is no basis for prediction. Additional dis-
;) cussion is provided in Appendix C.
! Summary. The intrinsic contaminant release characteristics determined in
Y. batch and column leaching tests for Everett Harbor sediment indicate that
o mobility of metals and organic contaminants is low under anaerobic conditions.
" Low mobility under anaerobic conditions is consistent with previous experience
" with anaerobic sediments. Under aerobic conditions some metals are mobilized
A in large quantities. The fraction of metals that was resistant to anaerobic
QD leaching in batch tests was generally greater than 90 per cent of the bulk
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}I concentration. Under aerobic conditions, over 85, 56, and 49 percent of the %
!: Zn, Ni, and Cd was mobilized in batch tests. The higher metal release A
:‘ observed during aerobic testing is related to the pH reached under test %
’; conditions. Y
: Differences were also noted Betéeen the pH values observed in the aerobic -}?
B batch testing (3.5 to 4.8) for Everett Harbor sediments were lower than those ‘
1 reported from runoff testing. Theoretically, the pH of the sediment in the \t:
{: surface runoff tests should reach pH levels similar to that reached in the .
o aerobic batch leaching tests once the sediment reaches a comparable oxidation Qﬁj
: level, However, the sediment in the surface runoff test is in a statie, '.
e unmixed state and a longer time will be required to reach an oxidation status =
f comparable to that observed in the batch testing. s
N There are potential groundwater problems with PCBs in both anaerobic and .
- aerobic leachates. Other organic contaminants should pose no problems since -
= they were not consistently measured in both the batch and column leachates as
i; were PCBs. Restrictions due to PCB release from Everett Harbor sediment would
': need to be imposed i1f the attenuation capacity of the underlying soil was ‘
! exceeded, an evaluation that could be conducted only following site selection. -y
" Site specific factors will determine the type of leachate control strategy, if
L any, that is appropriate. Table 1 provides a summary of leachate contaminant -;
12 concentrations for use in computing flux. The use of these concentrations for e
: predictions of contaminant release in leachates 1s discussed in Part IV, o
-E Consolidation Tests -
;' A consolidation test was conducted using the composite sample of contam-
> inated sediment to provide data for evaluation of filling and settlement rates Y
‘ for confined sites, The test results are applicable for evaluation of both
£ intertidal and upland sites. The tests were conducted using standard odom- :?{
eters and procedures developed specially for soft sediments (Cargill 1983).
< If a confined site i{s selected for disposal, the test results can be used to f\!
;i determine the -fill surface elevation as function of time. This information R
- will be useful in determining the appropriate timing for placement of a sur- Sy
b face cap of cleaner material and the surface elevation behavior of the capped -
f‘ disposal site. The test results are presénted in Appendix G.
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The physical properties of the contaminated and native sediments are similar
and consolidation behavior for the two sediments would be comparable on a
qualitative basis. Predictions of consolidation behavior of capping material
for the CAD alternative were made based on this assumption. The predictions
wvere made assuming a 9 foot thickness of material deposited at a void ratio
of 4.5. This corresponds to the assumed void ratio for deposited cap material
in the Disposal Altermatives reﬁort. The results are tabulated below and
show that the ultimate cap thickness would be approximately 8.4 feet,
corresponding to a settlement of only 0.6 feet., These results indicate
that the assumption of 50 comsolidation in the Disposal Alternatives report

is very conservative,

Time (years Cap Thickness (feet)
0 9.0
1 8.8
5 8.5
ultimate 8.4
9b
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". " Table 1 .

Contaminant Leachate Concentrations (mg/l) For Flux Analysis

+aals Drinking Water
o Standards (mg/%)
1§25 Contaminant Federal ~ State Anaerobic Aerobic

As .05 .05 0.039 <0.005

” cd .01 ' .01 0.010 0.034
Il cr .05 | .05 0.080 2.27
Cu - - 0.096 0.023
N N{ - ' - 0.052 0.449
Y Pb .05 .05 0.058 0.210
e Zn 5.0 5.0 0.181 3.5

RN PCB - - 0.0036 0.00176
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PART III: EVALUATION OF CONTAINED AQUATIC DISPOSAL

Modeling Results for Alternate CAD Sites

The CAD Deep Delta site, identified as the Navy's preferred site, is
located in approximately 265 feet of water. Detailed modeling runs were made
for conditions at this site, and results are given in the Disposal Alterna-
tives report. Alternate sites in deeper water are now being considered for
CAD to offset potential impacts to biological resources. Oune tentative site
at a wvater depth of approximately 325 feet is being considered as are other
gsites in even deeper water.

Use of an alternate site at deeper depth would mean a proportiomnally
higher sediment mass remaining in suspension. Model runs for the Deep Delta

site at depth of 265 feet indicate 1.9 of the material remains in suspension

after a time period of 1800 seconds (conservatively considered a mass

release). A single model run has also been conducted for a surface dump of
contaminated material in a 400 foot depth. These results indicate 3.6% of the
material remains in suspension after a time period of 1800 seconds. Inter-
polation for a 325 foot depth yields approximately 2.51 remaining in suspen-
sion. It should be noted that all these figures are essentially at the
accuracy limit of the currently available models.

Deposition patterns for the 400 foot.run showed little change over the
265 foot runs. This would indicate that the "bottom footprint" used for the
mounding evaluation as described below would be approximately the same for the
400 foot depth.

No model runs for hydraulic placement of the capping material have been
made for the 400 depth conditions. However, it is anticipated that results
would be similar to those generated for the 265 foot depth, i.e. discrete
particle settling behavior. The processes governing the gradual build-up of
the cap would therefore be the same for the deeper depth.

Additional model runs for a range of depth conditions up to 800 feet have
been conducted for the Puget Sound Dredge Disposal Analysis (PSDDA). Since
the conditions for the Everett study area are similar to those used in the

PSDDA study, the generic model runs performed for PSDDA can be used to
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qualitatively evaluate material behavior at deeper water sites being con-~

sidered for the Everett project.

Analytical Evaluation of Mounding Characteriscics

(This section replaces the corresponding section in the Disposal
Alternatives Report.)
General

An evaluation of mounding characteristics is an essential part of CAD
design. The purpose of this evaluation is to generate a conservative estimate
of the extent of spread or occupled surface area of the mound and to determine
if sufficient capping material is available to place the design thickness over
the occupied surface area. It 1is recognized that the Navy design for the CAD
site is still evolving and that other configurations for the mound are
feasible from a design standpoint,

The modeling described in the Disposal Alternatives report and in the

"above paragraphs delineates the area of deposition of one 4000 cubic yard

barge load of contaminated material and the short term deposition character-
istics of hydraulically dredged cap material. However, the model is not
capable of simulating the effects of mounding or settlement after a large é
volume of material from multiple dumps has been deposited. Therefore, an
evaluation of mounding characteristics was made based on existing data at
other disposal sites.
Two major processes must be evaluated in estimating mounding behavior:
the tendency of the material to flow due to momentum transfer during placement
and the tendency of the material to form a stable angle of repose. Both
processes are influenced by the mcthod and rate of dredged material placement
and the mechanical condition of the material resulting from the dredging. The
tendency to flow will largely be offset by the tendency of the material to i‘
mound. The 1V on SOH bottom slope at Port Gardner is not great enough to
induce gravity flow of the disposed material. There would be some tendency Q‘

for successive 1m§acts of the contaminated material to spread previously

placed material, but bottom friction forces would quickly dampen the spread.

Naturally-occurring bottom undulations and clumps within the disposed material
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characteristic of clamshelled material would also inhibit the tendency for the
material to flow.

A major factor in estimating mound configuration is the slope or angle of
repose taken by the contaminated material and cap. No analytical method has
been developed for prediction of mound size or slopes in a subaqueous con-
dition. Some insight can be gained by examining data on existing mounds.
However, data on mound slopes exists for only a few sites. The change in void
ratio due to entrainment of water and the subsequent settlement of mounds due
to consolidation are also major considerations. As with the slopes, no ana-
lytical method has been developed for prediction. Therefore, conservative
assumptions for this behavior were made for this evaluation.

The tendency for clamshelled material to remain in clumps and the nature
of the existing bottom at the CAD site are factors which would cause the mate-
rial to mound and would reduce the need for lateral confinement. The modeling
runs for this project and experience with capping projects to date indicate
that mechanically dredged, reasonably cohesive material can be placed into
discrete mounds using carefully controlled and monitored, but otherwise con-
ventional equipment and techniques (Semonian 1983, Bokuniewicz et al 1978, and
Truict 1986). Clamshelled material will exhibit significant clumping and
cohesion, adding to stability. Under these conditions, local differences in
the slope of mounds should be expected. The assumption of clumping and cohe-
sion for clamshelled material is a major consideration in this evaluation and
is bagsed on the assumption that the material will be dredged in essentially
its present in-situ ~ondition and will not be significantly disturbed during
debris-removal (i.e., only large logs evident by surface probing will be
removed prior to dredging and the bottom will not be "raked").

The relatively soft bottom at the CAD site would tend to adsorb impact
energy during placement of the clumps and the displacement of existing bottom
sediments could form some degree of lateral confinement. Although the
average slope at Port Gardner is 1V on 50H, the bottom is likely composed of a
series of irregular ridges and swales which would increase the tendency of
material to maintain steeper mound slopes.

Data for Existing Mounds

Data from mounds in Long Island Sound indicate that silty material which

is clamshelled and released at the surface exhibits a clearly defined central
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than 1V on 60H (Bokuniewicz et al 1986).
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sound with steep slopes surrounded by a much lesser volume of more fluid
material with much flatter slopes. Estimates of the slope of the central
mound vary from approximately 1V on 15H to 1V on 25H. Localized slopes as
steep as 1V on 10H are evident from survey data for these mounds (Semonian
1983). This steepness is indicative of a high degree of cohesion and clumping
of cohesive blocks of material and little entrainment of water during descent.
However, the small portion of the material which entrained water during degent
exhibited a more fluid-like behavior than the majority of the deposit. This
portion of the material was deposited as an apron with flatter slopes sur-
rounding the central mound. Data from the Long Island Sound monitoring
indicates that the portion of the mound which is involved with the apron is
approximately 202 by volume (Semonian, R.C. 1983). Since the apron material
is less dense than the material comprising the central mound, the percentage
of material comprising the apron by weight would be a lesser value. The

slopes of the apron are expected to be less than 1V on 20H and may be less

Data from other sites in which the material was deposited from a slurry,
as from a hopper dredge, indicate a much flatter slope for the mounds
(Bokunjiewicz, et al 1986). For example, in the New York Mud Dump Site, the
average slope is approximately 1V on 100H (Suskowski 1983). This slope is -é
also the result of dumping at multiple disposal points. The material com-

prising the mound had differing characteristics ranging from soft clay-like Qi
materials to silts and fine sands. Local slopes at the site were as steep as

1V on 10H., Data from a site in Tampa Bay show a slope of approximately 1V on .
100 (Williams 1983). This material was a fine sandy material which would ?1
exhibit little or no clumping or cohesion.

All available data on mound slopes indicate that a slope of lV on 25H or
steeper can be attained by fine-grained cohesive material which 1s dredged by
clamshell and disposed from a barge. This data served as the basis for
estimates of mound slopes for the Everett contaminated sediments, which would
also be dredged by clamshell and dispersed from a barge.

Assumed Mounding Behavior

Placement. Placement of material for the contaminated mound would be by
bottom dumping from a stationary position at a designated point, likely marked

by a taut-line buoy or some other fixed point., However, it was assumed that

14




the tendency for the contaﬁinaced material to form a discrete mound will
require that the disposal point be moved periodically. It may be necessary to
spread the material in a mound with a relatively flat top amenable to later

placement of the cap. Actual plﬁcenent will depend on the results of con-
struction monitoring. A flatter mound will also aid in maintaining overall
mound stability. The placement of the cap by hydraulic discharge at or near
the surface will involve a continually moving discharge point using a
predetermined, monitored pattern.

Contaminated Material Characteristics. The in-channel water content of
the contaminated material is approximately 1302 equivalent to a void ratio of

3.5 (Hart-Crowser 1986). It was assumed that some water would be entrained

during placement and the average void ratio after placement would be 4.5.
This is considered a conservative assumption.

Cap Material Characteristics. The in-situ water content of the uncon-

taminated material to be used for capping is approximately 50Z, equivalent to
a void ratio of 1.3. This material would be hydraulically dredged and placed
"by pipeline discharge at the surface. The resulting void ratio upon deposi-
tion in the cap was assumed to be 4.5. Cap placement using hydraulic place-
ment from the surface should result in a sedimentation behavior similar to
natural sedimentation, i.e., because of the water depths, no jet or momentum
effects will be evident in the lower water column and the material will ulti-
mately settle as discrete or flocculating particles.

Disposal Sequencing. Since the proposed dredging plan extends over a

period of two dredging seasons, the sequence of disposal operations was taken
into consgsideration. All dredged material quantities discussed are approximate
based on the above assumptions for material characteristics. This sequence
was assumed to include initial placement of 100,000 cubic yards of contam-
inated material, and immediate capping with uncontaminated material. After
9 months, an additional 800,000 cubic yards of contaminated material would be
placed and then capped with 1,500,000 cubic yards of uncontaminated material.
The area of deposition for individual bargeloads for contaminated material and
passes of the pipeline'for capping material was assumed to be equal to that
determined by the modeling described in Part III.

Mound Slopes. 1In developing a conceptual mound configuration, it was

assumed that both the contéminated and capping material would be deposited on
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the bottom in a circular pattern with radius corresponding to that indicated
by the modeling runs. It was further assumed that as the mound develops, it
would roughly assume the form of a truncated cone with the top of the cone
equal in radius to the area of deposition of the material. As the material
accumulates it would cause spreading to occur with side slopes of 1 to 100
relative to the bottom slope. This results in an angle of repose on the down-
slope side of approximately 1V on 30H. This glope is within the experience of
the Long Island mounds which were formed with similar materials and dredging
methods. It was assumed that spreading in the upslope and cross-slope direc-
tions would be governed by similar slopes, however, movement of the disposal
point as described above may be necessary to maintain a mound with a rela-
tively flat surface and uniform spread in all directions.

The behavior of clamshelled silt material when disposed in open water
exhibits a well-defined central mound with side slopes of 1V to 30H or
steeper. However, a small portion of the material in each discrete barge dump

will entrain water during decent and will behave in a more fluid-like manner

“than the majority of the deposit. - It was assumed that this apron material

would tend to deposit with flatter slopes approximating the 1V on 50H slope of
the existing bottom surrounding the mound proper. Local variations in the
mound surface due to discrete dumps will tend to reduce any tendency of the
apron material to flow. The large surface area of the mound and the overall
mound slope will also provide the opportunity for deposition of the aprom
material on the contaminated mound proper. However, without lateral confine-
ment, a portion of the apron material may move off the contaminated mound

proper in the downslope direction due to gravity flow or impact from sub-

sequent dumps. The final diameter of the capped mound must exceed the diameter

of the contaminated mound. This is necessary to provide the required cap
thickness over the entire contaminated mound. The overall diameter of the cap
defines the required size of the disposal site which will be capped. In
effect the capped site diameter provides a zone in which the majority of apromn
material flowing off the contaminated mound proper would be capped.

It was assumed that the slopes of the capping material would conform to
the slopes taken by the underlying contaminated material since the cap is
gradually built up by settling of discrete particles in a manner similar to

natural sedimentation. Natural slopes in the general area of the site vary in
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steepness but appear to be stable at the slopes assumed for the contaminated
material. Similar slopes would therefore appear reasonable for the capping

material as it accumulates on the mound.

Mound Configuration. Illustrative sections showing the mound configura-
tion and a ;lan view of the mound for the assumed conditions is shown in
Figure 1. The point of disposal for the second dredging phase is shown offset
to the upslope direction with respect to the initial mound formed from the
first dredging phase. In this way, the first mound could provide a toe for
the larger mound and could result in some degree of lateral confinement. A
plan view of the mound for the assumed conditions 1is shown in Figure l.

Since the deposition area for each barge load of material 1is smaller than
that required for the final configuration of the disposal mound, the overall
site dimensions appear to be governed by the total quantity of dredged
materials disposed and its mounding characteristics. Assuming that the
uncontaminated capping material is adequately "slurried" and that disposal
locations are carefully controlled, the total dredging quantity of approxi-

‘mately 3,000,000 cubic yards will result in a disposal mound that is approxi-

mately 2400 feet in radius and is approximately 12 feet high. If the dredging
plan allows for the final placement of 1,500,000 cubic yards of uncontaminated
material, the entire site will be covered by a cap that exceeds &4 feet, as

previously estimated, based on 50% consolidation.

Criteria for Successful Capping

Capping will be completely successful if all contaminated material reach-
ing cthe bottom is capped with a thickness of uncontaminated material in excess
of 80 cm. However, a small percentage of the contaminated material apron as
described above may not remain on the mound during the mound formation pro-
cess. The overall diameter of the capped site as described above will provide
a means for this material to be capped within the designated boundaries of the
disposal site. If any movement of the apron material outside the designated
site fﬁ found by the monitoring, the capping operations could be modified to
insure the material is capped. The placement of a confining berm could be
congsidered as an added measure to minimize any downslope movement of the apron

material.
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DIAMETER = 4800 FT #

)

DOWNSLOPE
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-
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S CONCEPTUAL PLAN VIEW

.:,. . NOTE: VERTICAL SCALE FOR MOUND LAYERING
‘»...:‘. GREATLY EXAGGERATED. LAYERING SHOWN
(.'.: FOLLOWING CONSOLIDATION,
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3 Figure 1. Plan and cross section of CAD site.
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The mounding configuration described above indicates that sufficient cap- 2f
. ping material is available to place a one meter cap over the contaminated ;g
mound, and the procedures for cap placement as proposed are designed for a ‘Ef
= uniform capping thickness. However, local variations in bottom topography, Zig
contaminated mound surface, and inm actual application of capping material will .

all result in local variation in the final cap thickness. Monitoring daca -
should define the final configuration of the contaminated mound and the applied Efi
“ cap thickness after initial placement and consolidaﬁion. if'
. g

Monitoring Requirements

ol ‘:
i i3
The following monitoring requirements are recommended for the CAD N
’a, alternative: $§f
a) sediment resuspension and contaminant release during the dredging and o
'} transport operation, ;E
b) sediment remaining in suspension and contaminant release during ?*
_ " placement, \:
¢) configuration and density of confining dike (if built), contaminated ;
B sediment in place, and cap, ?*'
N d) migration of contaminants through the cap, and ;:i
e) mound densification and cap erosion. f"
Monitoring plans are given in Appendix I. _ e
x Etu
S Feasibility Determination :Ej
’ 2
Use of the proposed CAD site without lateral confinement is feasible if :ﬁ
- the dredged material mound will form and spread with slopes of 1 to 100 rela- ;3
‘ tive to the bottom slope or steeper (approximate angle of repose of 1V on 30H) A
{z and the site dimensions can be expanded to a diameter of approximately
4800feet. However, it should be stressed that CAD has not been attempted at
; these qepths and there are some uncertainties associated with the placement of
the CAD mound on a sloping bottom. Therefore, monitoring during placement of
o the contaminated material and cap should be conducted for both disposal phases
to insure that material behavior and mound configuration are constructed in
¥, accordance with the final design. If monitoring of the initial phase indicates
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N ~
%ﬁﬁ that placement of material or cap is not satisfactory, construction of a berm

}Eﬁi at the site, placement of additional capping material, or shifting disposal

A operations to an alternate site could be considered as a contingencies,

E*% Incorporation of a confining berm as a part of the design is considered an g
1:¢: additional measure of conservatism. "

Precise placement of the material during the entire CAD operation will be

important. The disposal barges used for placement of the contaminated

U6 material should be stationary during the release of each dump. This will

iﬂf assist in keeping the dredged material mass in a clumped condition during y
[\

R descent and the resulting mound spread within the estimated limits. Control

Q$g: for the point of discharge should be incorporated in the plans and specifica- £
:; X tions. Taut-line buoy or real-time electronic positioning with on-board com-

) '

5%»" puter printout are possible methods which could be used. For the capping ;
RO operation, electronic positioning would be appropriate for determining the l
f(g rate of movement of the pipeline discharge. F
’2?- The shifting of the CAD site to a deeper site has been proposed to avoid . K
‘. “

‘fﬁ sensitive biological resources. If an alternate site is selected, con-

o sideration should be given to locating the site so that existing bottom topog-

S raphy is as flat as possible. This would serve to reduce or eliminate the

I uncertainties associated with CAD on a sloping bottom. 3
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PART IV: EVALUATION OF INTERTIDAL AND UPLAND SITES Iy

Background

The factors controlling contaminant mobility and the descriptions of
potential contaminant migration pathways for placement of dredged material in
upland, intermediate and flooded conditions are found in Part VI of the Dis-
posal Alternatives report. The supplemental information in this part stresses
the applicability of test results in evaluating upland disposal/alternatives.
As for intertidal disposal, an upland disposal site may involve placement of
material in one or more disposal environments. The testing results described
in the Disposal Alternatives report and the supplemental results contained in
this report are directly applicable in evaluating upland disposal
alternatives.

An area for potential development of an upland site has been identified
at Smith Island, north of the homeport area. Limited information regarding
Aaice conditions is avaiiable at this time. Further, a number of possible
sizes and configurations for the upland site have been fdentified. Until a
site configuration(s) is identified and additional data on site conditions is
obtained, a site-specific evaluation for upland disposal similar to those per-
formed for intertidal sites and described in the Disposal Alternatives report
cannot be conducted. However, a description of the applicability of test
results for representative upland disposal conditions is given in the follow-
ing paragraphs. An effort has been made to apply data to the Smith Island

site to the maximum extent possible.

Solids Retention and Initial Storage

The configurations under consideration for the Smith Island area vary
from 35 to 89 acres in surface area. Data on required surface area for var-
ious dredge inflow rates, required volumetric storage capacities, and rela-
tionship of effluent suspended solids as a function of flowrate were presented

in the Design Requirements report and Disposal Alternatives report. This

information is directly applicable to evaluation of sites at Smith Island.
’E: The allowable inflow rate to maintain effective solids retention and the
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o
:j required volumetric storage will be in direct proportion to the final surface
0 area available for the site.
~
2 Effluent Quality
-+
, Comparisons of dissolved concentrations of contaminants in effluent as
o predicted by modified elutriate tests and water quality criteria are presented
N in the Disposal Alternatives report. These comparisons are valid for any of
'f the upland site configurations now under consideration for Smith Island.
b - Mass release of contaminants in effluent is dependent on effluent sus-
» pended solids concentrations. Determination of mass release is therefore pos-
y sible only for a specific set of site conditions. However, mass release in
”; effluent would be similar to that determined for the intertidal sites under
N consideration. Based on the previous evaluations for the intertidal sices,
(r controls for mass release in effluent would likely be required to limit the
5: total mass release for the upland alternative to less that the 52 performance
ﬁ 'goal. As for the intertidal alternmative, chemical clarification is the most
W effective control measure,
o
:: Surface Runoff N
K o
™ The final surface of the contaminated sediments placed in an upland site
., could be at elevations either above or below the water table. Comparisons of égi
‘3 dissolved and particle-associated concentrations of contaminants in surface .y
jS runoff under both anaerobic and aerobic conditions with water quality criteria f;iq
X are presented in the Disposal Alternatives report. These comparisons are also
P valid for an upland evaluation including Smith Island. ~t{
. Mass release of contaminants in surface runoff is directly proportional '
s to surface area of the disposal site, since it can be assumed that rainfall .fﬁi
s occurrences would be the same for Smith Island as for the intertidal sites. -
. Mass release was found to be negligible for the intertidal condition, and ]
:3 would similarly be negligible for the upland condition. As recommended for R
ES’ the intertidal site, placement of the contaminated material at elevations o
¥ b}
N b
3: 22 A
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of impact will be determined by the degree of mixing which might occur in the
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below the water table would minimize release both surface runoff and leachate

and eventual placement of a surface cap would prevent long-term release.
Leachate

The leachate contaminant flux concentrations discussed in Part II and
Appendix C are predictions of the concentrations of contaminants in leachate
generated under anaerobic and aerobic conditions. However, the prediction of
leachate impacts is a function of groundwater movement at the site under
consideration. In nearshore or upland sites, various mechanisms such as
precipitation, differences in elevation, tidal pumping, etc. tend to drive
groundvater movement. Movement of water from the dredged material mass into
surrounding groundwater can be inhibited by the presence of relatively
impervious natural foundation soils, placement of surface covers to retard
1n£iltrétion of precipitation, placement of liners to retard movement of

leachate, etc. Even if leachate moves into surrounding groundwater, the degree

groundwater, adsorbtion of contaminants within the foundation soils, and the
sensitivity and quality of surrounding groundwater which may be impacted. All
of the above considerations are highly site-specific.

Depending on the site selected and site conditions, contaminated dredged
material may be placed above or below the water table. If contaminated mate-
rial is placed below the water table, the leachate characteristics may be
estimated using anaerobic leaching test results. Leachate from material
placed above the water table may be estimated using aerobic results.

The predicted leachate values for intertidal alternatives presented in

the Disposal Alternatives Report were based on preliminary anaerobic batch &,

ot
leach tests. Subsequent laboratory testing and evaluation yielded the revised :\;
anaerobic leachate concentrations shown in Table 1. With the new values both ﬁ:ﬁ

Cr and Pb now exceed the drinking water standards, Cd meets the drinking water
standard of .010 mg/%, and PCB has increased from .0002 to .00036 mg/%.
Although these values would proportionately increase their percent mass
releases, the portion of mass release contributed by leachate to the total mass

release was and is still negligible.

23

' 1
oIV Yo TR YR .'k-x Llu.l'n IALALAAA)AAALLM_:‘AAM [ WAL U .“J- e




Since anaerobic leaching data for Pb and Cr exceeded the drinking water

standards, a regional authority decision (RAD) may require some type of con-

trol to prevent any contaminant migration from material placed below the water

table because of the possibility of deterioration to potential receptors. If

the RAD determines that a control would be warranted, several control options

are available, The site may be lined with a synthetic or natural liner. A

capping system to prevent infiltration could also be installed in concert with

the liner. Leachate collection and treatment in place of lining and capping

could also be considered; however, Cu and Pb concentrations from the leaching

tests are increasing over time which would necessitate long term operation of

a leaéhate collection and treatment system and the associated long term

expense of operation and maintenance. In-situ stabilization of the sediments

after disposal could also be considered as a remedial measure should contam-

inant release increase in the future. Stabilization during disposal opera-

tions to fix the entire slurry mass or chemical admixing to contain specific

contaminants are possible control options, however, any solidification/

"stabilization process would be expensive.

Aerobic leaching data indicate that Cd, Cr, and Pb exceed the drinking

wvater standard by a much greater margin than the anaerobic test results. This

may require a more extensive control measure for contaminated material placed

above the water table than would be required for material placed below the

water table. Again, site specific conditions would dictate which type of con-

trol measure would be necessary. The possibility of a groundwater mixing zone

to provide the necessary dilution may be possible. Also a shallow configura-

tion for the containment area would make the installation of a liner a more

viable control option.

Depending on the size of the containment area, the amount of material to -}5
be dredged, and the site conditions, a practical disposal scenario would be to
place the contaminated material below the water table, where the material ::3’
would remain anaerobic thereby releasing less contaminants. Cleaner material

used as a surface cap could be placed above the water table. ,3,‘
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Data Needs for Site Specific Evaluation

Data requirements for site-specific evaluation of a specific confined
upland disposal site are tabulated as follows:

a) site location, area, and configuration,

b) vegetative cover, precipitation, evaporation, and temperature data,

¢) drainage, topography, and tidal or hydrologic informationm,

d) engineering and geoclogical characteristics of foundation strata,
including stratigraphy, depth to bedrock, depth to aquicludes, depths to
groundwvater,

e) direction and rate of groundwater flow,

f) foundation soil contamination,

g) existing groundwater and/or surface water quality,

h) typical cross-sections of retaining dikes, and

i) potential receptors, sensitive ecological areas, and drinking water

wells in the area.

Monitoring Requirements

The following monitoring requirements are recommended for upland
disposal:

a) sediment resuspension and contaminant release during the dredging and
transport operations,

b) effluent quality during filling operationms,

c¢) surface runoff during a storm event,

d) groundwater quality and quality of seepage through dikes.

Monitoring plans to meet these requirements are given in Appendix I.
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PART V: CONCLUSIONS

The data contained in this technical supplement does not result in any

s changes to Epe conclusions reached in the Disposal Alternatives report. CAD K
nkr is feasible at the deeper water sites now under consideration. Confined dis-
posal at the Snohomish and East Waterways sites also remains feasible.

Tk Feasibility of upland disposal cannot be determined without a site-specific

evaluation.
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APPENDIX C: LEACHATE TESTING
INTRODUCTION

When contaminated dredged material {s placed in an upland or nearshore
confined disposal facility, the potential exists to generate leachates that
may adversely impact ground waters. At present, there is no routinely applied
laboratory testing protocol capable of predicting, or even approximating,
leachate quality from confined dredged material disposal sites. Experimental
testing procedures to predict leachate quality are, therefore, being used to
evaluate the confined disposal altermative for Everett Harbor dredged mate-
rial. These leaching procedures are in an early state of development, and
must be interpreted with caution. If the CE can assess leachate quality and
quantity, the potential impacts of using a CDF for disposal of contaminated
dredged material can be determined, therefore, allowing the most cost effec-
tive site design to be developed.

The objective of this study is to evaluate and apply appropriate testing
procedures for estimating leachate contaminant levels from Everett Harbor
sediment under the CDF disposal alternative. Since the testing procedures are
still developmental in nature, detailed descriptions of the procedures used

are presented in this appendix.
MATERIALS AND METHODS

Objectives and Approach

The objectives of this study were two-fold. The primary objective was to
estimate leachate quality in Everett Harbor sediment. Since standard proce-
dures applicable to dredged material for assessing leaching potential were not
available, a supporting objective was to develop, evaluate, and apply appro-
priate testing procedures for estimating leachate contaminant levels in
Everett Harbor sediment.

The technical approach used in this study is an integrated procedure that
involves coupling results from batch and continuous flow columr tests with a

mass transport equation (Myers, Brannon, and Griffin 1986). Cc=parison of

cl
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predicted and observed column effluent quality is the basis for evaluating the
geochemical processes that govern contaminant leaching from Indiana Harbor
sediment. Description of the processes that govern the movement of pore

water, site-specific hydraulics, are beyond the scope of the leachate testing.

Sediment Preparation

Sediment acquisition, mixing, and transport procedures have been previ-
ously described. Upon arrival at the WES, sediment for use in the anaerobic
leaching tests was refrigerated at 4 degrees C in sealed containers until
used. Sediment for use in aerobic testing was placed into 38 liter glass
aquariums to a depth of approximately 8 cm. The aquaria were then placed in a
covered enclosure open to the air and alloved to oxidize at ambient tempera-
tures. Each week, the sediment was thoroughly stirred to expose fresh sedi-
ment to the air. When necessary, distilled, deionized water was added to the

sediment to prevent drying. At the end of six months of aeration, the

' sediment was removed from the aquaria, placed into a 115 liter barrel, and

thoroughly mixed for two hours. The sediment was then refrigerated at

4 degrees C until used for all aerobic leachate testing.

Batch Testing

Salinity Tests

Prior to testing, the effects of salinity changes in the leachate on
metal releases were assessed. Triplicate 250 ml polycarbonate centrifuge
tubes, fitted with a leakproof, airtight top were loaded with sufficient
sediment and deoxygenated water to obtain a 4:1 water to sediment dry weight
ratio for a volume of 200 ml. The 4:1 water to sediment ratio was selected
for salinity and kinetic testing because this ratio had proven to be optimum
during previous leaching tests. All operaticns were conducted in a glove box
under a nitrogen atmosphere., Sufficient triplicate centrifuge tubes were
loaded to allow testing at salinity levels of 0, 5, 15, and 25 parts per
thousand. Sea water of known salinity was prepared by diluting Copenhagen
Standard Sea Water of known salinity with distilled, deionized water. Samples

were placed upright on a mechanical shaker and shaken at 160 cycles per minute
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for 24 hours. The tubes were then removed from the shaker, centrifuged at
9000 x g for twenty minutes, and the supernatant filtered under a nitrogen
atwmosphere through 0.45 um pore size membrane filters. The filtrate was then
acidified to pH 1 with concentrated Ultrex (TM) nitric acid and stored in
plastic bottles until analyzed.

Kinetic Tests
Batch testing was performed to determine shaking time necessary to

achieve equilibrium or steady state conditions for metal and organic con-
taminant leachate concentrations., The general experimental sequence is
presented in Figure Cl.

For testing metal releases, triplicate 250 ml polycarbonate centrifuge
tubes fitted with a leakproof, airtight top were loaded vith sufficient
sediment and deoxvgenated, distilled, deionized water to obtain a 4:1 water to
.sediment dry weight ratio. All operations were conducted in a glove box under
a nitrogen atmosphere, Sufficient triplicate centrifuge tubes were loaded to
allow sampling at 24 hours, 48 hours, 72 hours, and 168 hours., Samples were
“placed horizontally on a mechanical shaker and shaken at 160 cycles per minute
for the allotted time. Three tubes were then removed from the shaker, cen-
trifuged at 9000 x g for twenty minutes, and the supernate filtered under a
nitrogen atmosphere through 0.45 um pore size membrane filters. The filtrate
was then acidified to pH 1 with concentrated Ultrex nitric acid and stored in
plastic bottles until analyze&.

Kinetic testing for organic contaminants was conducted in specially fab-
ricated 450 ml stainless steel centrifuge tubes, Twenty-four acetone rinsed
centrifuge tubes were loaded with sufficient sediment and deoxygenated, dis-
tilled, deionized water to obtain a 4:1 water to sediment dry weight ratio.
The total mass of sediment and water added was regulated to allow the tube to
be safely centrifuged at 6200 rpm (6500 x g). All operations were conducted
under a nitrogen atmosphere. The tubes were then laid on their sides and
shaken at 160 cycles per minute for periods of 24 hours, 48 hours, 96 hours,
and 168 hours. At each sampling time, the samples were removed from the
shaker and centrifuged for 30 minutes. The leachate was then recentrifuged in
clean centrifuge tubes to remove remaining particulate material. The recen-
trifuged supernate was then filtered through a Whatman GF/D glass fiber pre-
filter and a Gelman AE glass fiber filter with a nominal pore size of 1.0 um.

c3

A A \ A R PO (R
M (% &',‘1 A t“., (e } W > o G 15 -)"-_‘..

r_ L & _#

1"""
(e ]

XX R

AN
) Pt s

. P
S N
P

)k A AT h

1 A IR RD

PR A Ay
Iy 4%,




ﬁ% Neither filter contained binders or detectable quantities of the organic con-
S taminants analyzed during this study. Filtration was conducted under a nitro-
a5 gen atmosphere followed by acidification with 1 ml of concentrated HC1l to
:N*: prevent iron precipitation and scavenging of organic contawminants from solu- C
'ykﬁ tion by iron precipitates. Samples were then stored in the dark in acetone-
- rinsed 2 liter glass bottles until analyzed.
NS Sediment-Water Ratio Testing 9
léi? Following determination of the shaking time necessary to obtain steady .
?"ﬁ state contaminant concentrations in the leachate, testing to determine the ")
e proper sediment to water ratio was conducted. The general test sequence is
”§¢1 presented in Figure C2. z
?;ﬁ; For metals, anaerobic Everett Harbor sediment was placed in acid washed
f-{ﬁ 250 ml polycarbonate centrifuge tubes in water to sediment ratios of 4:1, 8:1, .
: 12:1, 50:1, and 100:1 using double-distilled, deionized water. The tubes were ‘
*uﬂ then sealed, mechanically shaken horizontally for 24 hours, then centrifuged 1
' ;ﬁ and filtered through 0.45 um membrane filters; the resulting supernatant was '
‘fﬁ' "acidified and stored in plastic bottles prior to analysis as previously
. described. The anaerobic integrity of the samples were maintained throughout
f;f the preparation. shaking, and filtration of the sample.
Z& Similar procedures were followed for organic contaminants, except that *
l&? 24-hour shaking was conducted in 450 ml stainless steel centrifuge tubes.
fi. Filtration and other sample preparation procedures are as described for
$$r organic contaminants in the kinetic testing section.
1{#Q Sequential Batch Testing s
k&“. A 4:1 water to sediment ratfo and a shaking time of 24 hours were found
A to be optimum for application of sequential batch leaching tests to anaerobic
,:ﬂ: sediment. General test procedures for assessing steady-state leachate and
E$$E gsediment metal and organic contaminant concentrations are detailed in Fig-
! 2_" ure C3,
‘ Batch tests were designed to determine metal releases from anaerobic
,;i: Everett Harbor sediment and provide sufficient leachate to challenge fresh "
‘i}? sediment. To obtain this leachate, three 500 ml polycarbonate centrifuge bot-
&z;; tles with leakproof caps were loaded under a nitrogen atmosphere with anaer- 1
X obic Everett Harbor sediment and deoxygenated distilled deionized water to a
.SEE 4:1 water to sediment ratio; these were mechanically shaken for 24 hours. The (i
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bottles were then centrifuged at 9000 x g for 30 minutes. Half of the
leachate from each 500 ml centrifuge bottle was filtered through a 0.45 um
membrane filter. A portion of the unfiltered leachate was then analyzed for
pH using a combination electrode and a millivolt meter and conductivity using
a Yellow Springs Instrument Company (TM) conductivity meter and cell. Enough
of the remaining unfiltered leachate was weighed into a 250 ml polycarbonate
centrifuge tube containing fresh Everett Harbor sediment to obtain a 4:] water
to sediment ratio. This proéedure, whereby part of the initial leachate was
set aside for analysis, and the remainder used to challenge fresh anaerobic
Everett Harbor sediment, was continued for nine days. Fresh deoxygenated,
distilled, deionized water was added to each 500 ml centrifuge tube to replace
the leachate removed for analysis and challenge of fresh sediment. All oper-
ations were conducted under a nitrogen atmosphere. This same procedure was
repeated for aerobic sediments, except that aerobic sediment leachate is used
to challenge aerobic sediment.

Testing of Everett Harbor sediment for organic contaminants was conducted

" in a manner similar to that describgd for metals; however, 450 ml stainless

steel centrifuge tubes were used for both the sequential and challenge testing
and centrifugation. The filtration procedures used for organic contaminants
were as previously described for the kinetic and sedimeht to water ratio test-
ing, and these are presented in Figure C3. A subsample of filtered leachate
was set aside from both the anaerobic and aerobic tests for analysis of total
organic carbon. In each case, the leachate was replaced with distilled
deionized water, remixed, shaken for 24 hours, and then processed as pre-
viously described for the desired number of cycles.

Interstitial Water Extraction

Interstitial water samples for metal and organic contaminant analysis
were obtained by centrifugation of the Everett Harbor sediment. To obtain
samples for metals from anaerobic Everett Harbor sediment, triplicate 250 ml
polycarbonate centrifuge tubes fitted with a leakproof, airtight top were
loaded with sediment in a glove box under a nitrogen atmosphere. The cen-
trifuge tubes were then centrifuged at 9000 x g for 30 minutes, and the
supernate was filtered under a nitrogen atmosphere through 0.45 um pore size
membrane filters. The filtrate was then acidified to pH 1 with concentrated
Ultrex grade nitric acid and stored in plastic bottles until analyzed.
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bis: Procedures for obtaining interstitial water for metals analysis from aerobic .
e Everett Harbor sediment were similar to those described for anaerobic sedi-
s ment, except that all steps in the aerobic operation were conducted without ~
e the use of nitrogen. R
;}ji Interstitial water for analysis of organic contaminants was obtained by n
::j centrifugation of anaerobic Everett Harbor sediment in 450 ml stainless steel
- centrifuge tubes. For interstitial water separation from anaerobic Everett -
?:j Harbor sediment, six tubes were loaded with sediment, then centrifuged for .
i:; 30 minutes at 6500 x g. The supernate was then recentrifuged in clean cen- ;3
o trifuge tubes to remove residual particulate matter, then filtered through a
- Whatman GF/D glass fiber prefilter and a Gelman AE glass fiber filter with a -
J:: nominal pore size of 1.0 um. All steps in the operation were conducted under -
ﬁ; a nitrogen atmosphere. Following filtration, the interstitial water was -
~ acidified with 1 ml of concentrated hydrochloric acid then stored in the dark b
- in acetone rinsed 2 liter glass bottles until analyzed. Aerobic interstitial .
i;; water was obtained in a similar manner except that anaerobic conditions were . -
:;I not maintained during the operation. )
Kl Permeameter Testing
Ei Loading and Operation -
- Column leaching tests were conducted in divided-flow permeameters
j'; designed to minimize wall effects and provide for pressurized operation 2
;:ﬁ (Figure C4). The inner permeameter ring divides flow, separating the leachate
E$ flowing through the center of the column from that flowing down the walls, V i.
‘f thereby minimizing wall effects on leachate quality. The applied pressure
Fo forces water through the sediment at rates sufficient to allow sample collec- <%
‘Eti tion in a reasonable period of time.
i:;j Permeameter tests were run to simulate leaching of anaerobic and oxidized -5,
';: sediment, prepared as previously described. Permeameter effluent was analyzed .
iQ for concentrations of arsenic, cadmium, chromium, lead, and zinc, and the ﬁ‘
'{b organic contaminants listed in Table C2, Separate permeameter tests were run
,;; to obtain leachate for metal and organic analysis because of the large B
i leachate volume needed to conduct organic contaminant analyses (1 liter). ¢'
;i: Column tests were run in triplicate for analysis of metal and organic leachate -3
:::: cé '
b7 i
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concentrations in anaerobic and aerobic Everett Harbor sediment, a total of
twelve permeameter tests.

Everett Harbor sediment was loaded into the permeameters in several lifts
having an average thickness of 5 c¢m, the number of 1ifts added depending on
the total sediment thickness degired. As each 1ift of water saturated sedi-
ment was added, the permeameter was vigorously agitated on a vibrating table
to remove trapped air. The weight and height of each 1lift was measured and
recorded following vibration. Sediment height averaged 18 cm4in Fermeameters
used to obtain leachate for metal analysis and 36 cm in permeameters used to
obtain leachate for organic contaminant analysis, A greater depth of sediment
was needed in the permeameters run for organic analyses because of greater
sample volume needs for chemical analyses. Sediment pore volume in the per-
meameters was determined by measuring the weight and volume of sediment added
to the permeameter, then measuring the weight and volume of sediment samples
before and following oven drying at 105 degrees C; weight loss upon drying was

then equated to the volume of water in the permeable voids. Next, pore vol-

" umes were calculated for the sediment column above the inner ring of each per-

meameter. Therefore, pore volumes refer tb the column of sediment above and
including the permeameter inner ring.

Following sediment addition, distilled, deionized water was added to the
permeameters; the apparatus was then sealed and pressurized with either nitro-
gen or air depending on whether the test was conducted on anaerobic or aerobic
sediment, respectively. It was necessary to periodically add water to the
permeameters during the course of a test. Effluent from the inner and outer
permeameter rings were drained through teflon tubing into 1000ml graduated
cylinders. The cylinder, receiving flow from the inner outlet of each per-
meameter, was isolated from the atmosphere by a water trap which allowed gas
used to pressurize the permeameters to escape without exposing the leachate to
the atmosphere. The collection cylinder head-space was purged with nitrogen
prior to testing anaerobic sediment.

Effluent flow from the permeameters was regulated by adjusting the oper-
ating p;essure. The permeability of the sediment decreased for the first two

weeks of operation, As permeability decreased, operating pressure was

increased to maintain a constant flow. Permeameter flow generally stabilized
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after two weeks of operation. A daily record was maintained of operating
pressure and flow from both the inner and outer ring of the permeameter.
Sampling

Permeameter effluent sampling for metals was conducted as frequently as
possible as the first pore volume moved through the coluzn (3 to 4 samples/
pore volume), then at less frequent intervals (1 to 2 samples/pore volume) for
the duration of the testing. Effluent used for metals analysis was also
analyzed for dissolved organic carbon, conductivity, and pH. -

Effluent used for organic contaminant analysis was sampled at approxi-
mately 0.5 pore volume intervals. The volume collected was analyzed for
organic contaminants, except for a small amount used to analyze dissolved
organic carbon concentrations.

Leachate samples for metals and organic contaminants from anaerobic sedi-

ment were filtered under nitrogen using procedures previously described for
batch testing.

Dispersion Coefficient Measurement

The dispersion coefficient, Dp, was determined by operating a
permeameter specifically for this purpose using anaerobic sediment
distilled-deionized water containing bromide as a tracer (constant

tion = 1000 mg/1 ). Effluent samples were collected periodically,

separate
and
concentra-

filtered

(0.45 um pore size membrane filter), digested using procedures developed by
Chain and DeWalle (1975) for chlorides in sanitary landfill leachate, and
analyzed for bromide by silver nitrate titration using a recording titrator
with a silver specific ion probe. From these data, the dispersion coefficient
was computed using the F-curve procedure described by Levenspiel (1972). This
method assumes dispersion within the column to be small, i.e., Dp/VL < 0.01.
DP/VL is a dimensionless ratio, termed the dispersion number, and is used to
characterize dispersion in flow through system. Dp is the dispersion coef-

ficient; V is the average pore water velocity; and L is the column length.

Chemical Analysis _3

Sediment samples and leachate from batch testing were analyzed for .
selected polychlorinated biphenyls (PCB congeners), polyaromatic hydrocarbons i
(PAHs), As, Cd, Cr, Cu, Hg, Ni, and Zn. Columm leachates were analvzed for 1
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the same list of parameters with the exception of Ni and Cu. Concentrations
of PCB congeners and PAH compounds in sediment samples were determined follow-
ing soxhlet extraction, Florosil cleanup, and quantification in either a Hew-
lett Packard 5985A gas chromatograph/mass spectrdphotameter equipped with a
flame ionization detector (PAHs) or a Hewlett Packard 5880A gas chromatograph
equipped with an electron capture detector (PCBs). Concentrations of PAH and
PCB compounds in leachate samples following methylene chloride extraction were
determined on the same equipment as for sediment samples. Sediment and
leachate samples were analyzed for all metals studied except arsenic and mer-
cury using directly-coupled plasma emission spectroscopy on a Beckman Spectra-
span IIIB plasma emission spectrometer or by atomic absorption spectroscopy
using a Perkin-Elmer Model 5000 atomic absorption spectrometer coupled with a
Perkin-Elmer Model 500 hot graphite atomizer following appropriate sample
digestion procedures (Ballinger 1979). Arsenic in leachate and sediment sam-
ples was determined by hydride generation (Ballinger 1979) using a Perkin-
Elmer 305 atomic absorption spectrophotometer coupled with a Perkin-Elmer
Model MHC-10 hydride generator. Mercury was analyzed by the cold vapor tech-
nique (Ballinger 1979). Total organic carbon was analvzed in leachate and
sediment samples using an Oceanographic International 543B organic carbon

analyzer and standard procedures (Ballinger 1979).

Statistical Analysis

All statistical analyses were conducted using Statistical Analysis System
(SAS) Institute (Barr et al. 1976) procedures. Analysis of variance proce-~
dures were used to test for differences between means. Regression analysis
was used to determine the equation of the line of best fit between steady
state sediment and leachate contaminant concentrations obtained during batch

testing, and to evaluate its statistical significance.

THEORETICAL BASIS FOR LEACHATE QUALITY PREDICTION

The purpose of this section is to present a brief overview of the equa-

tions used to predict leachate quality and their relationship to the experi-
mental procedures described earlier. The application of these equations, for

predictive purposes, to contaminated dredged material is a new approach and
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ﬂ%: should be considered in the research stage of development. Development of the
ﬁ”: equations and additional discussion éoncerning their theoretical basis has
’ been presented by Myers, Hill, and Brannon (1986) and Myers, Brannon, and
-:?, Griffin (1986).

TN -,
ix For this discussion it is assumed that water transports contaminants from .

A
10N the dredged material to the boundaries of a CDF., Leaching is defined as
. interphase transfer of contaminants from the dredged material solids to the
19
N aqueous phase as water moves past the dredged material solids. Upon contact
o
'l with percolating water, contaminants associated with sediment particles can go »
'_T into solution, thereby increasing contaminant levels in the leachate.

. For contaminant leaching occurring as water percolates through porous X
u‘..‘ ‘-'
:}: media, the governing one-dimensional partial differential equation for
.:3‘ steady-state flow is given below (Lapidus and Admunson 1952; Lowenbach 1978; -
o Rao et al 1979; Grove and Stollenwerk 1984): X
N
- 3C/3t + p/O (3q/3t) = DP (3C/3z) - Vv(3C/az) (c-1)

RN :

N y
> Where:

2,

T ‘.
...-- fl
" C = aqueous phase contaminant concentration, mg/l

o

4 2

SN Dp = bulk dispersion coefficient, cm"/sec

'i: q = solid phase contaminant concentration, mg/kg ff
- o p = bulk density, kg/l e
"L

,:&: 0 = porosity, dimensionless ~

o -
‘Cii V = average pore water velocity, cm/sec
oo
Sl
K.

:}}f z = direction, cm
-
f;; t = time, sec
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) Equation C-~1 15 sometimes referred to as the permeant-porous media equation. ;Eku.
N The derivation of this equation is based on balancing the mass flux into and (;f“
out of any arbitrary volume within a columm of dredged material. The first ;xif
term on the right-hand side represents dispersive transport of contaminant; ;Si;
the second represents convective transport (bulk flow). The first term on the Eﬁ%ﬁ
left side, sometimes referred to as the accumulation term, represents the aza
resulting change in aqueous phase contaminant concentration with time; the 3;;,
second term on the left side, sometimes referred to as the source or reactive Ejéj
term, represents interphase transfer of contaminant from the sediment solids é&gi
to the aqueous phase, i -
The first step in applying equation C-1 1is the development of a mathe- N
matical formulation for the source term. In this study a linear equilibrium ;i%i
: source term was used resulting in Equation C-2. ;;?
(3 C/3t) + (p K,/6) (3¢/3t) = D (3C/32) - V (3C/32) (c-2) ;
20
S

In this equation K, is referred to as the distribution coefficient and has

d
units of 1/kg. The leach tests described in this report were conducted to

test the hypothesis that contaminant leaching from Everett Harbor sediment is o
described by equation C-2, i.e., the source term can be described as

equilibrium-controlled, linear desorption.

sy
An equilibrium relationship between sediment and aqueous phase contam- iif\

gty
1S inant concentrations in a batch system can be written as follows (Myers, 70
o

Brannon, and Griffin 1986): ey

pE

>
q= Kd c (C-3) :._:_":::

In this equation, q refers to the reversibly sorbed component of the sediment iﬂ
contaminant, However, 1f q is defined as the bulk sediment contaminant con- e
centration, then the non-reversible component must be added to equation C-3 as -;::
follows: -4?

A

q= Kd C + q, (C-4)
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vhere q, is the non-reversible component resistant to leaching. Equa-

tion (C-4) 1s a general relationship which applies to a batch system at steady
state. In a continuous flow system, q and C at any point do not remain con-
stant over time but change as percolating water leaches contaminants. Appli-

cation of equation C-4 to a continuous flow system requires
3q/ot = Kd (3c/at) (C-5)

Equation C-5 describes a local, linear equilibrium condition at the sediment
solids-water interface in a continuous flow system. Substitution of equation
C-5 into equation C-1 yields equation C-2.

Equation C-2 1s the basis of design for the sequential batch leaching
tests, described earlier. By sequentially leaching a portion of sediment with
successive aliquots of clean water, a table of C and vorresponding q values
can be generated and plotted. Such a plot is called a desorption isotherm

with slope K, and intercept q- If the desorption isotherm goes through the

“origin, thendqr i{s equal to zero. Thus, the intercept value can be inter-
preted as the contaminant fraction resistant to leaching. Ideal desorption
isotherms illustrating the important theoretical features of isotherm analysis
are shown in Figure C5.

The previous discussion presents the basic theory behind the development
and use of the sequential batch leach tests for Everett Bay sediment. It is

clear that sequential batch leach tests, designed to evaluate K, and 9, do

d
not provide a complete picture of how the contaminant concentration varies

with time and position in a continuous flow system, According to the

permeant-porous media equation, as water percolates through a column of

Auted,

dredged macerial the temporal variation in leachate contaminant concentration

at any point is determined not only bv the source term but also by the effects

of advection and dispersion.

As previously stated, the integrated approach consists of using results
from batch leach tests, column leach tests, and equation C-1 to test the
hypothesis that contaminant leaching from Everett Harbor sediment c¢an be
described as equilibrium-controlled, linear desorption. Application of the
integrated approach i1s illustrated in Figure C6,
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Once the information needed to solve Equation C-6 is obtained, column and
batch leaching data can be combined using the permeant-porous media equation
to provide an integrated picture of leachate quality as a function of time or
pore volumes passing through the dredged material. An analytical solution to
this equation for equilibrium controlled, linear desorption 1is presented below

(Ogata and Banks 1961),

Clz,t) = C + (C - C ) 0.5 erfe &z—-'—"‘—s
2(DRt)"
+ 0.5 exp ¥z erfc BE—:—!£§ (C-6)
D 2(DRT) °
where: CI = ipitial contaminant concentration in the interstitial water,

mg/1

Co = contaminant concentration in the water entering the sediment,

mg/1l, equal to zero for the test procedures used in this study.

R=1+K = retardation coefficient, dimensionless

d
0

bulk density, kg/l

©
)

© = porosity, dimensionless
V = average pore water velocity, cm/sec
D = longitudinal dispersivity = DP/V' cm

distance from top of sediment column, cm

[\ ]
]

t = time, sec
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The initial and boundary conditions used to obtain equation C-6 are as

follows:

C(z,0) = CI

C(0,e) = C
o
3C/3z (»,t) =0
If test procedures are free from error, the solution obtained from equa-
tion C-6 should agree with observed effluent concentrations from the per-
meameters., Thus, the integrated approach can be used to verify the

mathematical form of an assumed source term.

RESULTS AND DISCUSSION

Sediment Chemical Concentrations

Contaminant concentrations in Everett Harbor anaerobic sediment and
interstitial water are presented in Table Cl. Sediment solids contained low
concentrations of PCB congeners, PAH cowpounds, and mercury, but relatively
high concentrations of copper, lead, and zinc. 1Interstitial water concentra-
tions of PAH compounds and PCB congeners were below detection limits as were
concentrations of arsenic and mercury. Concentrations of other metals in the
interstitial water were low.

Contaminant concentrations in aerobic Everett Harbor sediment and metal
concentrations in the interstitial water are presented in Table C2. Organic
contaminants were not determined in the aerobic interstitial water because of
the low total concentrations of organic contaminants in the aerobic sediment,
the lack of detectable organic contaminants in the anaerobic interstitial
water, and the small amounts of interstitial water extractable from aerobic
sediment, Of particular notice were the high concentrations of Cd, Cu, Ni,
and Zn in the aerobic interstitial water, a result of the lower pH in the
aerobic sediment (3.9) compared to the anaerobic sediment (7.0).

In this report, organic contamirants are referred to by number because

of the complexity of compound names and the number of organic contaminants

Ccl4
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analyzed. The key to organic compound identification is contained in
Table C3. Specific PCB congeners were analyzed and reported instead of PCB

Aroclors™ in order to achieve the enhanced limits of detection in water for ﬁi:
E- congeners (0.01 ug/1) compared to Aroclors (0.10 ug/l). Only PCB Arochlor™ g;'
g 1254 was detectable (0.25 mg/kg) in Everett Harbor sediment. Sediment gl
detection limits for PCB congeners were 0,002 ug/g. ;;~'
? | =
. SalinitzﬁTesting ti::
: Leaching with water of varying salinity was conducted to determine if qf:
galinity would significantly impact metal concentrations in Everett Harbor -
! leachate. Test data are presented in Table C4. These data show that &;?‘
increasing salinity had no apparent impact on release of heavy metals from Eﬁ?
. Everett Harbor sediment solids into the leachate. The salinity of the water :' ;
used in the testing should, therefore, exert little influence on leachate ..;;
results. &J%
Kinetic Testing o4
. Kinetic testing was performed to determine shaking time necessary to e
. reach steady state leachate contaminant concentrations. Test results for ?_:
metals are presented in Tégié C5. Results show that leachate metal concen- ii%;
trations following one day of shaking did not significantly differ (p<0.05) ifi;
from leachate metal concentrations following 2, 3 or 7 days of shaking. It :ﬁ
- was therefore determined that a 24 hour shaking time was sufficient for metal ;tt
concentrations to reach steady state conditions. No release of Hg was :;5
} observed, but testing for this parameter was continued. :i:;
Organic contaminant leachate results as a function of shaking time are 353
presented in Table C6. Data showad that shake time did not alter leachate ::;’
g concentrations of the three PAH compounds detected. However, concentrations ifé
of these compounds were near the detection limit and were only detected ti;
! because the GC/MS signal is particularly strong for these compounds. In this "
test, PCB congeners were not run since, during early testing of this sediment,
:“ all PCB‘Arochlor" concentrations were below detection limits and testing for
PCB congeners had not yet begun. Previous work on Indiana Harbor sediment has
x. shown, however, that PCB congeners and PAH compounds behave similarly during

kinetic testing. Therefore a 24 hour shaking time was considered appropriate

for batch testing of organic contaminants as well as metals.
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r
-;: Selection of Water to Sediment Ratio
‘ Batch leaching tests were also conducted to determine the water to sedi-
ment ratio that would approximate contaminant distributions found in settled
‘is dredge material placed in a confined disposal facility. When dredged material
;: is first added to a site, this would approximate a 1:1 ratio. However, the
L water to sediment ratio must also be large enough to allow generation of
sufficient leachate for organic contaminant analyses (approximately 1 liter/
:3 sample). The effect of varying the wat?r to sediment ratio on leachate metal
3 concentrations from anaerobic Everett Harbor sediment is presented in
3 Table C7. Concentrations at water to sediment ratios of 4:1 were either
N higher than (As) or statistically the same as (p<0.05) leachate metal concen-
»?ﬁ trations measured at higher water to sediment ratios. Comparison of anaerobic
:5; interstitial water metal concentrations (Table Cl) with anaerobic leachate
;:. results in Table C7 showed general agreement with the exception of As which
. was lower in the interstitial water, and Pb, which was slightly higher.
,-: Therefore, use of a 4:1 water to sediment ratio should yield contaminant dis-
;E “tributions that reasonably estimate the distribution at a liquid-solids ratio
E of 1:1.
) Aerobic Everett Harbor sediment leachate possessed a low pH which can
> strongly impact metal mobility. As a result, an additional water to sediment
;% ratio test was conducted with the aerobic sediment to determine 1if results
# observed for metals with anaerobic sediment held for the aerobic sediment.
e, Results are presented in Table C8, and show that leachate metal concentrations
 2. at water to sediment ratios of 4:1 were either higher or statistically the
o same (p<0.05) as leachate metal concentrations at higher water to sediment
;: ratios. Therefore, a 4:1 water to sediment ratio was also considered appro-
~ priate for aerobic Everett Harbor sediment despite its low pH. Leachate pH
;;f during this test averaged 4.3 with a standard error of 0.03.
:i The effect of the water to sediment ratio on leachate concentrations of
N organic contaminants in anaerobic Everett Harbor sediment is presented in
.~ Table C9. Leachate concentrations in the 4:1 water to sediment ratio test
fi; were either higher than or equal to leachate concentrations at higher water to
;:: sediment ratios. Organic contaminants were not detected in the Everett Harbor
w interstitial water (Table Cl): thus, leachate concentrations in the 4:1 water
':{ to sediment ratio provided a possible worst case estimate.
:g cl6
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Sequential Batch Leaching ;z .

General Leachate Quality.

Leachate conductivity, pH, and total organic carbon concentrations (TOC)

for the batch leaching tests are summarized in Tables Cl10, Cll and Cl2,

respectively. For all tests conducted, leachate conductivity gradually

decreased. Lleachate pH from anaerobic sediment was 7.3 during the first two }f;ﬁ

\ leaching sequences, then increased steadily to a peak of 8.8 as leaching con- jE:E+

' tinued, a pH rise of 1.5 units. Similar trends were observed in the anaerobic .};i,
challenge tests althougﬁ the rise in pH was not as high and occurred two leach i

sequences later. Anaerobic leachate TOC concentrations peaked in the fourth ::j;:

step of sequential batch testing, coincident with the rise in leachate pH. Ezgf,

Similar trends were observed in the anaerobic challenge testing. TOC in the 2;$f

aerobic batch tests did not show the trends observed during anaerobic testing, ;;:?

but exhibited a generally steady decrease from initial values. There was no s

difference in initial TOC concentrations between anaerobic and aerobic tests ?ﬁy

" despite the large difference between anaerobic (7.15%) and aerobic (3.11%) ﬁ_?:

sediment TOC concentrations. A marked difference in leaching conditions was,

therefore experienced during the course of the anaerobic leaching procedure.

The change in anaerobic conductivity should not cause changes in metal release

characteristics based on results of the salinity tests. The same cannot be
said for the change in leachate pH over the course of the anaerobic leaching s
procedure. Such a pronounced change would be expected to have a marked impact ii&:i
, on anaerobic metal release. isis
Aerobic Everett Harbor sediment leachate pH was much lower than the val- ;igﬁ
ues observed for anaerobic sediment (Table Cl1). Challenging aerobic sediment '1:f;
with aerobic leachate resulted in even lower pH's. Leachate pH during the il&{
\ initial aerobic testing exceeded the value of 4.3 observed in the water to E:EE

sediment ratio testing; this occurred even though only one week passed between -

the two tests and the aerobic sediment was refrigerated at 4 degrees centi-

3 grade between tests. These pH differences were apparently due to reduction v
processes in the stored sediment. The redox potential of stored aerobic sedi- ?&:g
ment that gave a leachate pH of 4.8 was +200mv. When this sediment was placed RS
into glass aquaria and allowed to oxidize for two weeks using the same pro- o
cedure employed during the initial oxidation, redox potential of the sediment 'Eif

N
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rose to +550 mv and pH dropped to 4.3. Because of the pH rise during storage,
aerobic challenge testing results most closely match leaching conditions for
fully oxidized Everett Harbor sediment. In the future only freshly oxidized,
unstored sediment should be used for aerobic testing.

Metal Releases

Steady-state metal concentrations in sediment (q) and leachate (C)
obtained from the sequential batch leaching tests for anaerobic Everett Harbor
sediment are presented in Tables Cl3 and Cl4, respectively. Steady state gq
and C concentrations obtained from the challenge testing for anaerobic Everett
Harbor sediment are presented in Tables Cl5 and Cl6, respectively. Changes in
releases of metals in anaerobic leachate can be seen in Figure C7, which
presents changes in leachate concentration of As and Ni as a function of
sequential leach number. These data show that As and Ni leachate concentra-
tions were low initially, peaked at either the the third or fourth leach step,
then declined. That is, initially the isotherms for these elements exhibited
an inverse relationship (C increases as q decreases). However, after the
third or fourth leaching step the relationship between q and C changed to a
direct one (C decreases as q decreases).

Desorption isotherms for the anaerobic metal data are provided in
Figures C8 through Cl4. As shown in these figures, release of metals from
anaerobic sediment did not follow the ideal desorption isotherms presented in
Figure C5. Two of the desorption isotherms are double-valued (Figures C8 and
C13), and two, although linear, had reverse slopes (Figures Cll and Cl12). The
turning point for the As and Ni desorption isotherms, Figures C8 and Cl3, is
coincident with establishment of steady leachate pH (Table Cll). Reverse and
double-valued desorption isotherms are indicative of non-constant sediment
chemistry, probably variable pH, that affect metal mobility.

If all the steps in the sequential leach procedure are considered, there
is no significant (p<0.0S) linear relationship between steady state sediment
and leachate As or Ni concentrations. However, if only data following the
peak are considered, there is a strong linear relationship between steady
state sediment and leachate concentrations for As and Ni. Thus, after pH
became constant, distribution of As and Ni between sediment solids and leach-
ate behaved like an ideal desorption isotherm. Distribution coefficients for

As and Ni and associated standard error for the ideal portion of the
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desorption isotherm were 5.36(0.56) and 8,56(1.49), respectivel&. The data in
Tables Cl3 and Cl4 and Figures C8 through Cl4 show that the remainder of the
metals analyzed did not exhibit the leaching trends of As and NXi{. Copper and
Pb showed significant inverse linear relationships (p < 0.05) between steady
state sediment and leachate concentrations yielding distribution coefficients
(standard error) of -13.9(0.58) and -15.7(0.84), respectively. The non-ideal
desorption isotherms for Cu and Pb (reverse isotherms) are also probably a pH
effect, although a turning point was not observed. Theoretically and practi-
cally, a turning point must exist, otherwise the desorption isotherm will
intersect the absisica, a physical impossibility. Mercury was not detected in
any of these leachates. The remainder of the metals, Cd, Cr, and Zn, dis-
played no well-defined relationship between steady state sediment and leachate
concentrations,

Many of the same trends observed in the anaerobic sequential testing were
also observed in the anaerobic sequential challenge testing (Tables CI5 and

Cl6). Leachate concentrations of Ni and As showed similar trends to that pre-

"sented in Figure C7 although peak leachate concentrations for both parameters

occurred during the fourth leach cycle. Distribution coefficients (standard
error) in the challenge tests derived for As and Ni in the sare manner as for
the sequential batch tests following peak concentrations were 3.75(0.44) and
4,11(1.65), respectively. The remainder of the metals displayed no well-
defined relationship between q and C.

Steady state q and C metal concentrations obtained from the sequential
batch leaching tests under aerobic conditions are presented in Table Cl7 and
Cl18, respectively. Steady state q and C metal concentrations obtained from
the challenge sequential batch leaching tests under aerobic conditions are
presented in Tables Cl19 and C20 respectively. Mercury data are not presented
because all values were below the detection limit of 0.002 mg/l. Arsenic and
Cr displayed no linear relationship between concentrations for either sequen-
tial or challenge batch testing, as did Cd, Cu and Pb in the sequential batch
testing. Distribution coefficients for aerobic Everett Harbor sequential and
challenge batch leaching for which a statistically significant (p<0.05) linear
relationship exists are summarized in Table C21.

Development of aerobic conditions in Everett Harbor sediment resulted in

substantial releases of heavy metals into batch test leachate. Metal losses




G

.,,
e,

540
_l'_l

AN
4, 8
\

.
vt

. .
1, 1, 1,
s B

T a

AL K & A

&
.
¥
?

s
Y
¢

B

e T,
R ...n - .f
I“l ;1 ’5 'l_:i_.'

observed during this study under anaerobic and aerobic leaching conditions are

summarized in Table C22. As can be seen, release of over 85 of sediment
" bound Zn occurred during the course of aerobic challenge testing.

gzganic Contaminant Releases.

Steady state organic contaminant concentrations in leachate and sediment
of anaerobic Everett Harbor sediment are listed in Tables C23 and C24, respec-
tively. Of particular note is that only 8 of 33 compounds monitored were
detected in the leachate. Compounds that were detected were present in very
low concentrations, generally below the stated detection limits of 5 ug/l for
PAH compounds analyzed using GC/MS. They were detected only because they have
a strong, stable molecular ion that does not readily fragment, resulting in a
strong signal at the detector. Concentrations of PCB congeners were very low
as would be expected based on the low concentrations in the sediment.

Similar results were obtained in the sequential challenge testing for organic
contaminants in anaerobic sediment (Tables C25 and Tables C26). Changes in
steady state sediment concentrations for both sequential and challenge batch
testing were small; 0.124 ug/g was the the highest concentration of any
organic contaminant and 0.005 ug/g the highest concentration of any PCB con-
gener released during the sequential leaching process (Table C27).

Organic contaminant concentrations present in steady state leachate and
sediment of aerobic Everett Harbor sediment are given in Tables C28 and C29,
respectively. Only 7 compounds were detected in the leachate, although they
differed somewhat from those detected during anaerobic testing. Analysis of ‘!
first day leachate from sequential challenge batch testing for organic contam- .
inants showed that only 5 of 7 compounds found in the aerobic batch test were J
detected. Concentrations of these compounds were similar to those measured in
the batch testing. For reasons given in the following paragraphs, it was not '1
necessary to analyze further aerobic challenge samples to obtain a valid
single point organic challenge distribution coefficient. i

Statistical analysis of the organic contaminant data revealed that no
significant (p<0.05) linear relationship existed between steady state sediment {
and leachate organic contaminant concentrations from either the anaerobic

sequential or challenge batch leaching and the aerobic sequential batch leach-

.

ing. This type of behavior 1is expected if the distribution coefficient 1is

very large and the resulting changes in steady state contaminant concentration
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are small. It {s reasonable to assume that, unlike metals, all of the organic
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contaminants associated with a sediment are potentially leachable. The lack
of complete reversibility observed in numerous experiments is probably due to
kinetics, i.e., the presence of a slowly desorbing sediment contaminant
component (Di Toro, 1985). This is not the case for metals because of the
known association of metals with immobile sediment phases (Brannon et al.
1976, 1980). Using this assumption, single point organic contaminant distri-
bution coefficients were calculated for the sequential and challenge batch
testing using the average steady state leachate and sediment concentration for
each of the three replicate tests conducted. These data are presented in
Table C30. Distribution coefficients for both the anaerobic sequential and

challenge testing were high; K, values for PAH compounds did not fall below

1000 1/mg. Distribution coeffgcients for PCB congeners were somewhat lower
than those measured for PAH compounds. Distribution coefficients for aerobic
testing were generally comparable to those noted under anaerobic conditions
when the same compounds were released under both conditioms.

Permeameter Testing

Continuocus flow column leaching tests were conducted using divided flow
permeameters, as previously described, with both anaerobic and aerobic Everett
Harbor sediment. Approximately three pore volumes passed through the anaer-
obic columns and 3.5 pore volumes through the aerobic columns before testing
ended.

Metals and DOC

Effluent metal concentrations and corresponding pore volumes are sum-
marized in Tables C31 and C32 for anaerobic and aerobic columns, respectively.
In general, samples from the anaerobic columns had relatively low concentra-
tions, usually within a factor of ten of the detection limit., DOC increased
.. from around 50 mg/l to 225 mg.l. This is consistent to results obtained dur-
[:;. ing batch testing which showed DOC concentrations peaking at the fourth step
(181 mg/l). Leachate pH increased from 7.3 to 8.4 during column operation,
F&il again consistent with the increase observed in the anaercbic sequentidl batch
i tests.

<. Metal concentrations measured in the effluent from aerobic columns were

generally higher by an order of magnitude than corresponding samples from the

R anaerobic columns. Cr and Zn leachate concentrations were more variable than

cz1




other metals between columns. Average DOC concentrations ranged from 64 mg/l
to 85 mg/l, showing no washout or significant increase. Batch DOC concentra-
tions were generally constant around 40 mg/l, also showing no washout or sig-
nificant {ncrease. Initially the pH of the aerobic column leachate was low,
around 3.5. However, pH increased to 7.0 by the conclusion of column opera-
tion. This 1is contrary to results obtained in the sequential batch leach
tests (Table Cll). The difference between batch and column leachate pH is
probably due to differences in oxidation-reduction potential. In the column
tests the sediment is in a flooded condition. Due to sediment oxygen demand,
the system rapidly becomes anaerobic, resulting in a decrease in redox
potential and a rise in pH. 1In the aerobic batch tests, oxygen is continually
replenished by turbulence, redox potential remains high, and the pH remains
low. Consequently, the leaching conditions are not comparable, and contam-
inant mobility will not be the same.

Organics and DOC
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No PAH compounds were detected in the effluent from either aerobic or

" anaerobically operated columns. Concentrations of each PCB congener and dis-

solved organic carbon are provided in Tables C33 and C34 for aerobic and
anaerobic columns, respectively. Variation in pH, conductivity and DOC during
batch and column studies is summarized in Table 35. Total Arochlor 1254™ con-
gener concentration varied from 0.00001 to 0.00036 mg/l in leachate from the
anaerobic columns. Five samples from aerob{c columms have been analyzed,
total congener concentrations range from 0.00001 to 0.00176 mg/l. DOC values
from the anaerobic columns increased from around 50 mg/l to 250 mg/l, behavior
similar to that observed for anaerobic metals. Aerobic DOC concentrations
increased from 60 mg/l to around 200 mg/l.

As described earlier and shown in Table C30, an average, single point
distribution coefficient was computed for each congener measured and for total
Aroclor™ 1254 congeners using anaerobic batch leaching data. Using equation

Cl and the appropriate value of K, in Table C30 an approximate equilibrium

d
concentration for each congener detected and total Aroclor™ 1254 congeners was
computed. Theqe values are provided in Table C36 along with average measured
concentration for each sample., Measured and computed equilibrium concentra-

tions were generally similar.
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Integrated Approach Eﬁ:'

Angerobic Metals

. The contaminant transport.equation, equation C-6 previously presented in <o
this appendix assumes that sequential batch leach data will provide ideal ;;
desorption isotherms (Figure C5) for contaminants of interest. For an ideal —
.- desorption isotherm, Kd is a constant greater than zero. As previously dis- -

cussed, the desorption isotherms for Everett Harbor anaerobic metals were
:Z generally non-ideal. The plots for Zn, Cd, Cr did not exhibit statistically ﬂf'
' valid linear relationships between q and C, thus K, could not be determined as —
& the isotherm slope for these metals. Isotherm plots for Cu and Pb exhibited h

an inverse relationship between q and C, that is, C increased as q decreased, .

as 1llustrated in Figures Cll and Cl2. Desorption isotherms for As and Ni

v

.
P
P 4 'l"x'

IS

initially exhibited an an inverse relationship but changed orientation to a
ideal relationship (C decreased as q decreased) at the third and fourth steps, )

[l

respectively of the sequential leaching procedure, as shown in Figures C7 and
“C8. Because the contaminant transport equation requires constant values of Kd
it is not possible to predict permeameter leachate concentrations using this
equation. The effort required to develop a numerical solution to equation C-1 o
o for variable distribution coefficients was not within the scope of this study.
A simplified alternative method that roughly approximates equation C-1 }jh
wvas, therefore, developed. Houle and Long (1980) recognized that a continu- ,

ously leached column is equivalent to running a series of discrete batch leach e

‘l ‘1.

, tests., If the physical-chemical processes in a series of batch leach tests
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are the same as those occurring in a continuous flow column then it should be

»

.
‘.
"

possible to predict the general shape of a column elution curve using

2, desorption isotherm analysis. Further, each step in the sequential leach test
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can be related to a pore volume of water through a continuous-flow allowing a

11
0
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. direct comparison of batch leachate concentration and column leachate concen-

>

tration to be made.
If dispersion is neglected, column leachate concentrations can be pre-
dicted by relating the leachate concentrations in each step of the sequential

batch test to an equivalent pore volume through the columns. This 1is done on

the basis of equivalent 1iquid-solids ratios. A liquid-solids ratio for an

operating column is defined as the weight of the accumulated volume passed tﬁ%
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through the column divided by the weight of the sediment in the column. For
Everett Bay sediment the initial water content (Hw/ws) in the columns was
1.81, while that in each step of the sequential leaching process is 4:1.
Because the weight of water cbntacting the solids in the column increases with
increasing throughput, the column liquid-solid ratio will reach 4:1 when 2.2
(4/1.8) pore volumes have passed through the column. Thus each step in the
batch leaching procedure is equivalent to the passage of 2.2 pore volumes thru
the column. The leachate concentration obtained during each step in the batch
procedure represents the average concentration over the corresponding pore
volume increment. Thus, the concentration measured during the first step in
the sequential batch leach test is an estimate of the column leachate concen-
tration at 1.1 (0 to 2.2 P.V. interval) pore volumes. Cumulative pore vol-
umes, equivalent liquid-solid ratios and the corresponding batch test step
number are listed in Table C37,

As noted above, the desorption isotherm data for Cu and Pb produced
desorption isotherms with inverse slopes. An "inverse isotherm" predicts that
column contaminant concentrations should continuously increase with time (pore
volumes). The desorption isotherms for As and Ni were double-valued, changing
slopes from inverse to direct (ideal). An isotherm which changes direction
(inverse to direct) implies that column concentrations should increase to a
peak then decrease. Thus, the sequential batch leach data can be used to
indicate the general shape of the column elution curves for Cu, Pb, As, and
Ni. However, as with anything that is simple and direct, there are limita-

tions., Since the direct comparison procedure does not include advection and

dispersion, the procedure cannot predict shifting and spreading of peaks

caused by advection and dispersion.

ddied,

Using the direct comparison procedure described above, predicted column
concentrations and corresponding pore volumes are plotted for As, Cd, Cr, Pb,
and Zn in Figures Cl5 through Cl9, respectively. On the same figures are
plotted the observed column concentrations. The predicted concentrations of

Ni, and Cu are plotted in Figure C20. Several metals showed concentration

. e

peaks at between 6 and [0 pore volumes, With the exception of a single

observed Cr value both predicted and observed values were relatively low for

e

all metals.
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Overlap of batch and column data for the direct comparison method began
at 1.1 pore volumes. Operation of the columns was terminated at approximately
3.5 pore volumes. In the region where observed and predicted results can be
compared (l.! < pore volume < 3.0 ) agreement is reasonably good for As, Cd,
and Pb. Substantial disagreement occurred for As, and Cr. Because predicted
and observed data agree reasonably well for As, Cd, and Pb it seems reasonable
that extrapolation of the direct comparison method to the field is valid, at
least for indicating the overall pattern of contaminant release.

Anaerobic Organics

Previous work (Myers, Brannon, Griffin 1986) has demonstrated that when
the desorption coefficient, Kd’ is large, as 1s the case for PCB or PAH com-
pounds, the source term in the one dimensional contaminant transport equation
is dominant. Predicted contaminant concentrations will therefore remain at or
near initial equilibrium pore water levels (Figure C21.) As a result,
application of the integrated approach to PCB and PAH compounds in sediment
involves comparing the equilibrium concentration predicted using batch test

“data to those in the column effluent in order to verify tﬁe value of Kd used.

Initial equilibrium concentrations are computed using equation C- 7 below
C= q, / (Kd + L/S) (c-7)

where Kd is determined from batch testing, q, is the initial bulk contaminant
concentration, and L/S is the liquid-solids ratio. Since the liquid-solids
ratio in the column tests is 1.8 and the distribution coefficients are greater
than 100 1/kg, L/S can be neglected.

The data in Table C36 were used to compare predicted equilibrium congener
concentrations to observed values for all PCB compounds for which a value of
Kd is available (compound numbers 28, 29, 30, and 32) as well as total PCB
congener concentration. The average congener and total congener concentration
of each of the four column samples collected varies around their respective
predicted equilibrium values. Given the complexity of the sequential pro-
cedure and column operation such variation is not unexpected. Conservative
estimates of contaminant flux are assured if the maximum observed average col-

umn concentration is used in each case.
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To illustrate application of equation C-6, computed and predicted concen-

trations of total Arochlor™

1254 congeners are compared in Figure C22., Pre-
dicted concentrations were computed using equation C-6. This figure clearly
shows the effect of a large distribution coefficient (Kd-683) on resulting

contaminant concentrations. Varying K

between 367 and 599 (Kd plus or minus

d
1 S.E.) had no effect on computed concentrations, which remained at the ini-

tial value of .0002 mg/l. Since individual PCB congeners detected are char-
acterized by distribution coefficients ranging from 266 to 1835 1/kg, similar
behavior would be expected.

The batch data suggest that two PAH compounds, compound Numbers 7 and 9,
should have been detected in the column leachates. At present, the absence of
detectable concentrations of these two contaminants in column leachates cannot

be explained.

Aerobic Metals and Organics

Previous wvork (Environmental Laboratory 1986) has shown that the use of
“batch desorption coefficients determined under aerobic conditions, to predict
contaminant concentrations from columns initially filled with aerobic sediment
is inappropriate. Even sediment placed in an oxidizing environment for six
months retains enough oxygen demand to become anaerobic once it is placed in a
column and flooded. This change in the oxidation-reduction potential of the
sediment affects its desorptive properties. The differences between aerobic
column and aerobic batch leachate data are illustrated in Figures C23 through
26 for Cr, Cd, Zn, and Pb. Unlike anaerobic column results where agreement
between observed and predicted concentrations was usually reasonable, the ini-
tial concentrations from the "aerobic" columns were much higher than obtained
during batch testing. The physical chemical basis for these differences has
not yet been fully explained. However, the pH variation during the anaerobic
column test matched that in the anaerobic batch test quite closely. 1In the
aerobic batch test the pH dropped while in the aerobic column study the pH
rose substantially. Because of the pH differences between aerobic batch and
column tests.;application of the integrated approach to partially oxidized
sediment is of limited value because the assumption of equivalent leaching

environments 1s not fully satisfied.
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Summar

Releases of metals during anaerobic testing were relatively low. Two

elements (Cu, Pb) were characterized by inverse desorption isotherms and two
others (As, Ni) by double-valued desorption isotherms. The remainder (As, Cd,
and Cr) produced clustered desorption isotherms for which well-defined rela-
tionships were not evident. This is believed to be the first time inverse and
double-valued desorption isotherms have been reported in sediment leaching
studies. As previously discussed, the inverse and double-valued isotherms are
indicative of non-constant geochemistry during the sequential leaching. Fig-
ure C27 shows how changing sediment chemistry can produce inverse desorption
isotherms and the upper limb of double-valued desorption isotherms. Changes
in sediment chemistry between steps in the sequential leach procedure
increases contaminant mobility (decrease in Kd). The concept presented in
Figure C27 is tentative, and further testing and verification is required
before this explanation of inverse and double-valued desorption isotherms can
"be accepted.

Using a simplified integrated approach, direct comparison of anaerobic
batch and column data was possible. For those metals analyzed during both
anaerobic batch and column studies (As, Cd, Cr, Pb, and Zn), column behavior
was well predicted for As, Cd, and Zn. Less agreement was observed for Pb and
Cr.

Aerobic test results were characterized by large metal losses during
batch testing. Thus, the potential for contaminant release is higher in a CDF
that allows the dredged material to become oxidized than in a CDF that main-
tains anaerobic leaching condition. 1In most CDFs, partially oxidized sediment
will constitute a relatively thin surface crust making up a small part of the
total sediment mass. Even though the contaminant release from the crust may
be significantly higher than from underlying material, contaminarnt flux
through foundation soils or through dikes prabably will not be affected unless
a significant portion of the CDF reaches a partially oxidized state. The dis-
posal élternative for which oxidization of the dredged material 1is most likely
to be important is the upland alternative.

Average concentrations of specific PCB congeners (compound numbers 28,

29, 30, and 32) as well as total PCB congeners were about the same in

c27




anaerobic batch and column tests. Average anaerobic column concentrations

agreed well with equilibrium concentrations computed using single point esti-
mates of Kd.

Worst-case contaminant flux calculations can be made using the maximum
concentration observed in either the batch or column testing. For example,
the maximum anaerobic concentration for Cr was observed in column tests while
that for Zn was observed in batch tests, In the case of Ni and Cu, column
data are not available and maximum batch values must be used. Contaminant
concentrations recommended for contaminant flux calculations are listed in
Table 1 1n the main body of this report. ' Because the peak concentration
values used in this table do not occur until several pore volumes have passed,
the peak contaminant flux may not occur until a CDF has been in operation‘for
some time. Further, maximum flux for all metals is not expected to occur

simultaneously.

CONCLUSIONS

An integrated laboratory approach was used to investigate contaminant
leaching from Everett Harbor sediment. The integrated approach appears to
provide a useful theoretical framework within which to describe leaching phe-
nomena. The results presented in this appendix, in part, provide the basis
for performing contaminant flux analysis for proposed confined disposal
facilities. Specific conclusions are provided below.

a. A contaminant transfer equation based on the assumption of
equilibrium-controlled linear desorption reasonably predicted anaerobic column
leachate concentrations for PCBs.

b. Overall, Everett Harbor results indicate that anaerobic column behav-
ior could be predicted using batch data, although the basis for direct com-
parison using an approximate method was limited. Results for the anaerobic

column data and application of the direct comparing method are presented in
Figures Cl5 through C20 and C22.
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¢c. Approximate methods for applying the integrated approach can be used.

However, methods that do not use a contaminant transport equation will require
significantly longer column operation.

d. A contaminant transport equation with variable coefficients is needed
in order to couple interphase transfer of contaminants from sediment solids to
leachate with the advective and dispersive flux in continuous flow systems.

In order to apply a more sophisticated equation, functional relationships
between distribution coefficients and pore-volume throughput will be required.
The effort required to develop reliable input needed for a complicated model
was not within the scope to this study.

e. Higher contaminant éelease to the environment from Everett Harbor
sediment will occur in instances where the sediment is allowed to oxidize.

The potential significance of this result is dependent on the operating sce-
nario of the CDF and is therefore highly site specific.

f. The anaerobic sequential batch leach tests for Everett Harbor sedi-
ment exhibited non-~constant geochemistry {variable pH) that resulted in two

* types of non~ideal desorption isotherms for metals, inverse and double-
valued. This is believed to be the first time inverse and double-valued
desorption isotherms have been reported for sediment.

g. An understanding of the diversity of chemical interactions and sedi-
ment geochemistry is required in order to interpret data from batch leach
tests. Data reduction and analysis by statistical procedures alone can be
seriously misleading. The integrated approach used in this study provides a
technical basis for interpretating batch leach data.

C29
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Figure Cl. Experimental Sequence for Determining Appropriate Shaking Times
“ Everett Harbor Kinetic Testing
Ff STEP 1 PLACE SEDIMENT IN APPROPRIATE CENTRIFUGE TUBE (STAINLESS STEEL OR
o POLYCARBONATE) , ADD SUFFICIENT DEOXYGENATED DISTILLED WATER TO
& MAINTAIN WATER TO SEDIMENT RATIO OF 4:1.
-~
o STEP 2 PLACE CENTRIFUGE TUBES HORIZONTALLY ON SHAKER AND SHAKE AT 160 CYCLES
v PER MINUTE.
o
e STEP 3 REMOVE TUBES (ENOUGH FOR TRIPLICATE SAMPLES FOR ORGANICS AND FOR

METALS) FROM SHAKER AT APPROPRIATE INTERVALS: 1, 2, 4, and 7 DAYS

’b FOR ORGANIC CONTAMINANTS AND AT 1, 2, 3, and 7 DAYS FOR METALS.

STEP 4 CENTRIFUGE FOR 30 MINUTES AT 6500 X G FOR ORGANICS AND 9000 X G FOR
METALS. REPETITION OF STEP 4 USING CLEAN CENTRIFUGE TUBES WAS
) NECESSARY FOR LEACHATE FOR ORGANIC ANALYSES.

STEP 5 FILTER CENTRIFUGED LEACHATE THROUGR 0.45 um PORE SIZE MEMBRANE
>2 FILTERS FOR METALS AND THROUGH A WHATMAN GF/D GLASS FIBER PREFILTER
AND A GELMAN AE GLASS FIBER FILTER OF 1 um NOMINAL PORE SIZE FOR

Q ORGANICS.

‘:.\-: STEP 6 ACIDIFY LEACHATE FOR ORGANIC ANALYSIS WITH HCL AND LEACHATE FOR
- METALS WITH ULTREX NITRIC ACID. STORE LEACHATE FOR ORGANIC ANALYSIS
-~ IN ACETONE RINSED GLASS BOTTLES AND LEACHATE FOR METALS ANALYSIS IN

PLASTIC BOTTLES.
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N Figure C2. Test Sequence for Determining Appropriate Water to Sediment Ratio
for Use During Batch Testing Procedures

:l' STEP 1 PLACE SEDIMENT IN APPROPRIATE CENTRIFUGE TUBES; 250 ml POLYCARBONATE

tﬁ FOR METALS AND 450 ml STAINLESS STEEL FOR ORGANIC CONTAMINANTS. ADD
WATER TO EACH TUBE TO BRING FINAL WATER TO SEDIMENT RATIO TO 4:1,
8:1, 12:1, 50:1, and 100:1.

)
[l »
)
:Q STEP 2  MIXTURES WERE THEN SHAKEN HORIZONTALLY AT 160 CYCLES PER MINUTE FOR
R 24 HOURS.

Y STEP 3 CENTRIFUGE FOR 30 MINUTES AT 6500 X G FOR ORGANICS AND 9000 X G FOR
< METALS. SAMPLES FOR ORGANIC ANALYSIS REQUIRED REPETITION OF STEP 3
USING CLEAN STAINLESS STEEL CENTRIFUGE TUBES TO REMOVE ADDITIONAL
PARTICULATE MATTER.

"STEP 4 FILTER LEACBATE THROUGH 0.45 um MEMBRANE FILTERS FOR METALS OR

THROUGH A WHATMAN GD/F GLASS FIBER PREFILTER FOLLOWED BY PASSAGE
" THROUGH A GELMAN AE GLASS FIBER FILTER OF 1.0 um NOMINAL PORE SIZE
FOR ORGANICS.

) STEP 5  ACIDIFY LEACHATE FOR ORGANIC ANALYSIS WITH HCL AND LEACHATE FOR
@ METALS ANALYSIS WITH ULTREX NITRIC ACID. STORE LEACHATE FOR ORGANIC

ki ANALYSIS IN ACETONE RINSED GLASS BOTTLES AND LEACHATE FOR METALS

ié ANALYSIS IN PLASTIC BOTTLES. )

NOTE: THE ANAEROBIC INTEGRITY OF THE SAMPLE WAS MAINTAINED DURING SAMPLE
ADDITION TO CENTRIFUGE TUBES, SHAKING, CENTRIFUGATICN, AND FILTRATION,




v

Figure C3. Test Sequence for Sequential Batch Leaching and Challenge Testing

of Anaerobic Everett Harbor Sediment for Metals and Organic Contaminant E;
Analysis. E?
~
STEP 1 LOAD SEDIMENT INTO APPROPRIATE CENTRIFUGE TUBES; 500 ml POLYCAR- E;
BONATE FOR METALS AND 450 ml STAINLESS STEEL FOR ORGANIC CON- ﬁ%
TAMINANTS. ADD SUFFICIENT WATER TO EACH TUBE TO BRING FINAL WATER ;3
TO SEDIMENT RATIO TO 4:1. SUFFICIENT STAINLESS STEEL TUBES MUST BE i%

LOADED TO OBTAIN ENOUGH LEACHATE FOR ANALYSIS AND FOR USE IN LEACH- ;5
ING FRESH SEDIMENT. ;.

3

STEP 2 GO THROUGH STEPS 2 AND 3 IN FIGURE 2, R

’

A

STEP 3 FOR HALF OF THE LEACHATE FOR METALS, CARRY THROUGH STEPS 4 AND 5 IN
FIGURE 2, SETTING ASIDE A SMALL AMOUNT OF LEACHATE PRIOR TO ACIDI-
FICATION FOR ANALYSIS OF pH AND CONDUCTIVITY. INTRODUCE THE REMAIN-
ING CENTRIFUGED LEACHATE INTO 250 ml POLYCARBONATE CENTRIFUGE TUBES
FOR METALS AND 450 ml STAINLESS CENTRIFUGE TUBES FOR ORGANIC CONTAM-
INANTS. CARRY THESE CENTRIFUGE TUBES THROUGH STEPS 2 THROUGH 5 IN
FIGURE 2.

STEP 4 RETURN TO STEP 2 AFTER REPLACING LEACHATE REMOVED IN THE INITIAL SET
OF CENTRIFUGE TUBES WITH DEOXYGENATED DISTILLED WATER. REPEAT THE
ENTIRE PROCEDURE THE DESIRED NUMBER OF TIMES.

NOTE: TESTING SEQUENCE IS THE SAME FOR AEROBIC SEDIMENTS EXCEPT THAT AEROBIC
SEDIMENT LEACHATE IS USED TO CHALLENGE AEROBIC SEDIMENT AND ANAEROBIC INTEG~
E;, RITY IS NOT MAINTAINED.
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Figure C4, Divided-Flow Permeameter
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Figure C5. Ideal desorption isotherms: slope and A
single-point distribution coefficients 3
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Figure -27. Effect of changing sediment chemistry on contaminant
distribution between sediment solids and leachate
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\ Table Cl. Contaminant concentration in anaerobic Everett Harbor sediment g
-, and interstitial water.

o Sediment Interstitial Water
K Parameter Concentration, ug/g Concentration, qg_/_l_
R As 5.7 <0.005

i Cd 3.3 0.0014(0.0001)
Cr 39.7 0.014(0.003)
ns Cu 73.4 0.004(0.001)
- Pb 48.1 0.056(0.006)
o Hg 0.2 <0.002 -.
K Ni 21.4 0.01(0.0003)
§' : Zn 148.5 0.049(0.006)
b Organics* ‘
S 1 8.2 <0.005
N 2 <0.005
W) 3 <0.005
R 4 <l <0.005
045 5 2,0 <0.005
- 6 2.2 <0.005
W 7 5.7 <0.005
52 8 1.5 <0.005
4:"‘ 9 4.5 <0.005
Wl 10 4,0 <0.005
Ny 11 1.8 <0.005

12 2.1 <0.005

o 13 2.5 <0.005

S 14 2.5 <0.005
oy 15 1.4 <0.005
e 16 <1 <0.005
e 17 <l <0.005

‘ 18 <1 <0.005
fon 19 <0.0002 <0.00001
"5 20 0.0087 <0.00001
:..;" 21 <0.0002 <0.00001
XA 22 <0.0002 <0.00001
e 23 <0.0002 <0.00001

24 <0.0002 <0.00001

) 25 <0.0002 <0.00001
O 26 0.0079 <0.00001

] 27 <0.0002 <0.00001
o 28 0.0087 <0.00001
ey 29 0.0036 <0.00001 .
. 30 0.042 <0.00001
XS0 31 <0.0002 <0.00001
o 32 0.0l <0.00001
e 33 <0.0002 <0.00001
e 34 0.0809
Ay
Koot *# Organics = Key to organic contaminants listed in Table C3.
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Table C2. Contaminant concentration in aerobic Everett Harbor sediment

and interstitial water.

Sediment Interstitial water By

Parameter Concentration, ug/g Concentration, mg/l -j::;\
As 5.7 0.005 e
cd 3.3 0.52(0.01) o
Ccr 39.7 0.02(0.0007) s
Cu 73.4 0.48(0.01) =
Pb 48.1 0.09(0.003) 4
Hg 0.2 0.0008 )
Ni 21.4 2.94(0.03) o
.Zn 148.5 37.5(0.015)

Organics* ' -

1 4.2 NS#** A
2 NS el
3 NS o~
4 0.17 NS R
5 1.3 NS RS
6 1.4 NS T
7 5.0 NS Lok
8 0.65 NS NS
. 9 4.3 NS NN
10 3.6 NS
11 1.4 NS e
12 2.5 NS
13 2.5 NS o
14 2.5 NS e
15 1.1 NS S
16 0.53 NS e
17 0.63 NS e
18 0.38 NS
19 0.002 NS e
20 0.0093 NS RO
21 0.0061 NS IR
22 0.002 NS N
23 0.002 NS e
b Y-

24 0.002 NS 1 s
25 0.0061 NS
26 0.0079 NS e
27 0.002 NS e,
28 0.012 NS
29 0.047 NS
0.002 NS
0.002 NS
. 0.021 NS .
33 0.042 . NS N
34 0.151 NS i

*# Organics = Key to organic contaminants listed in Table C3. .
** NS = Not sampled.
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Table C3. Organic compound identification key used in this report.

1. Naphthalene 17. Dibenzo (a h) anthracene

2, l-Methylnaphthalene 18. Benzo (g h 1) perylene

3. 2-<Methylnaphthalene 19. 2,4-dichlorobiphenyl

4, Acenaphthalene 20. 2,4'-dichlorobiphenyl

5. Acenapthene 21. 2,4,4'-trichlorobiphenyl

6. Fluorene 22, 2,3',4',5~tetrachlorobiphenyl

7. Phenathrene _..23: 2,2',4.5"~tetrachlorobiphenyl

8. Anthracene 24. 2,2',5,5'~tetrachlorobiphenyl

9. Fluoranthene 25. 2,2',4,6-tetrachlorobiphenyl

10. Pyrene 26. 2,2',3',4,5-pentachlorobiphenyl
11. Chrysene 27, 2,2',4,5,5"-pentachlorobiphenyl
12. Benzo (a) anthracene 28. 2,2',3,4,5"-pentachlorobiphenyl
13. Benzo (b) fluoranthene 29. 2,2',3,4,4',5'-hexachlorobiphenyl
14, Benzo (k) fluoranthene 30. 2,2',4,4',5,5'-hexachlorobiphenyl
15. Benzo (a) pyrene 31. 2,2',3,3',6,6'-hexachlorobiphenyl

' 16. Indeno (1 2 3-c d) pyrene 32. 2,2',3,4,5,6"'-hexachlorobiphenyl
33. 2,2',3,4,4',5,5"-heptachlorobiphenyl
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Table C4., Heavy metal leachate concentration [mg/l (standard error)] as a ;&
pd

function of leachate salinity.

Salinity, parts per thousand
Parameter 0 5 15 25 o

As 0.009 (0.0006) 0.009 (0.002) 0.008 (0.0025) 0.008 (0.0005) }iz,
Cd 0.002 (0.001) 0.0006 (0.0001) 0.0003 (0.0001) 0.0004 (0.0001)
Cr 0.003 (0.0006) 0.002 (0.0003) 0.002 (0.0000) 0.006 (0.002)
Cu 0.003 (0.0006) 0.003 (0.0003) 0.003 (0.0007) 0.009 (0.006)
Pb 0.020 (0.007) 0.004 (0.0000) 0.004 (0.0005) 0.003 (0.0006)
Hg <0.002 <0.002 ‘ <0.002 <0.Q02

Ni 0.007 (0.0015) 0.006 (0.0006) 0.0095 (0.002) 0.01 (0.002)

Zn 0.048 (0.011) 0.050 (0.003) 0.044 (0.002) 0.053 (0.006)
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.§ Table C7. Release of metals into leachate from anaerobic Everett "‘
."'«{ Harbor sediment as a function of liquid to solid ratio.
R Concentrations are given in mg/l (standard error). ' f
s G
"y Water to sediment ratio
-:.24. Parameter 4:1 8:1 12:1 S0:1 100:1 -
- As 0.024 <0.005 <0.005 <0.005 <0.005

4 (0.001)
‘52 cd . 0.0014 - 0.001 . -Q.0008 _ ... 0.001l _ _ 0,0007 _
.;‘i* (0.0003) (0.0001) (0.00003) (0.000) (0.00007)

"4 R
i Cr 0.002 0.003 0.003 0.007 0.006 N
i (0.0006) (0.0009) (0.0009) (0.002) (0.001)

o Cu 0.004 0.006 ~  0.006 0.003 0.004 3
e (0.0003) (0.0003) (0.003) (0.000) (0.0007)
‘xS
v Pb 0.006 0.002 0.002 0.002 0.002 o
" (0.001) (0.000) (0.0003) (0.0007) (0.0003) \
<
T Hg <0.002 <0.002 <0.002 <0.002 <0.002
2
:::: N 0.016 0.013 0.009 0.007 0.004
o (0.004) (0.002) (0.004) (0.002) (0.0007) 5
. Zn 0.050 - 0.030 0.045 0.042 0.035
13 (0.010) (0.003) (0.004) (0.0042) (0.0035)
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Table C9. Release of PAH compounds into leachate from anaerobic Everett
Harbor sediment as a function of liquid to solid ratie.

Concentrations are given in mg/l (standard error).

Water to
Sediment Parameter
Ratio 5 7 9 10
4:1 0.0012(0.0002) 0.0036(0.0002) 0.0023(0.0001) 0.0023(0.00007)

- 8:1 0.0013(0.00003)  0.0003(0.0005) ~ 0.0017(0.0001)  0.0015(D.0001)

G Yk

12:1 0.0015(0.0003) 0.001(0.0005) 0.001(0.0005) 0.001(0.0004)
50:1 0.0007(0.0003) 0.0015(0.0008) <0.001 <0.001
100:1 0.0005(0.0002) <0.001 <0.001 <0.001
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Table Cl12. Total organic carbon concentration [mg/l (standard error)]

in Everett Harbor leachate.

Anaerobic Testing Aerobic Testing
Time,
Days Sequential Challenge Sequential Challenge
1 84(10) 75(6) 54(5) 77(9)
2 94(25) 86(4) 28(2) 52(12)
3 130(37) 125(32) 22(6) 26(1)
4 181(28) 152(63) 39(8) 25(1)
5 85(8) 168(86) 37(11) 34(2)
6 67(8) 127(32) 42(7) 21(2)
7 56(10) NT* 31(3) NT
NT = Not Tested
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MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAU OF STANDARDS 1963-4
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Table C21. Distribution coefficients for sequential and
challenge batch leaching of metals from aerobic

Everett Harbor sediment.

Metal Sequential testing . Challenge testing

As NLR NLR

Cd NLR 5.38(0.62)

Cr NLR N NLR

Cu NLR ~14.3(1.6)

Pb NLR 3.73(0.21)

Ni 1.6(0.16) 4.4(0.11)

Zn 3.03(0.15) 4.7(0.28)

_

NLR = No linear relationship
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Table C22. Summary of metal losses (hg/g dry weight and I of total

sediment concentration) from sediment following sequential
and challenge leaching of anaerobic and

aerobic Everett Harbor sediment.

Anaerobic Leaching Aerobic Leaching
Sequential Challenge Sequential Challenge
Metal ug7g X u575 z ug/g p4 ug/g T
As 0.042 7.3 0.58 10.2 0.02 0.4 0.06 1.1
Cd 0.11 3.3 0.22 6.7 0.15 4,5 1.62 49.1
Cr 0.40 1.0 1.3 3.3 0.26 0.7 0.16 0.4
Cu 1.67 2.3 3.8 5.2 0.36 0.5 1.62 2.2
Pb 1.12 2,3 1.8 3.7 0.20 0.4 1.52 3.2
N{ 0.68 3.2 1.8 8.4 3.39 15.8 12.13 56.7

Zn 2.85 1.9 5.4 3.6 18.2 12.3 127.1 85.6
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Table C27. Summary of organic contaminant losses from Everett Harbor

t"' o
Jrr-y

sediment (ug/g dry weight) and percent of total sediment concen-
tration lost during sequential and challenge testing.

A
— 9
Organic Sequential Challenge ‘
Parameter ug/g 2 : ug/g 2 ‘
5 0.096 4.8 0.06 3.0 ‘i
7 0.092 1.8 0.05 0.9 G
9 - 0.124 2.9 0.06 1.3 ;
10 0.117 3.1 .06 1.5
28 0.008 . 10.3 .0011 0.1 \i
29 0.0004 15.4 0.0004 15.4 3
30 0.004 9.8 0.005 11.9
32 0.005 27.9 0.004 22,2
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Table C28. Steady state organic contaminant leachate concentrations
. [ug/1 (standard error)) for aerobic Everett Harbor sediment.
Sequential Leach Number
3 Compound 1 2 -3
' 20 0.003(0.003) 0.003(0.003) 0.007(0.007)
21 0.007(0.003) ND* 0.013(0.007)
:
: 25 0.007(0.003) ND 0.013(0.007)
X 26 0.007(0.007) 0.023(0,023) 0.057(0.029)
4 28 0.030(0.015) 0.013(0.013) 0.037(0.018)
32 0.020(0.020) 0.033(0.033) 0.014(0.02)
3 33 0.003(0.003) 0.063(0.018) ND
Ej #ND = Not Detected
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ol Table C29. Steady state sediment contaminant concentrations
%
W [ug/g dry weight(standard error)) for Everett Harbor
:%f' sediment following aerobic leaching. d
R AKX . .
iy Sequential Leach Number '
v’,‘.*\:j.; Compound 1 2 3 ;’
‘,‘ 2; 20 0.0093(0.00001) 0.0093(0.00003) 0.0092(0.00005)
B .
. 21 0.0061(0.00001) 0.0061(¢0.00001) 0.0060(0.00004) a
j‘Ef 25 0.0061(0.00001) 0.0061(0.00001) 0.0060(0.00004)
150N
5 26 0.0079(0.00003) 0.0078(0.00008) 0.0076(0.0002) i
ThY .
28 0.0119(0.00006) 0.0118(0.0001) 0.0117(0.0001) q

v'm
k. 32 0.0209(0.00008) 0.0208(0.0001) 0.0202(0.0002)
. 1
:!,!_: 33 0.0420(0.00001) 0.0417(0.0006) 0.0417(0.00006) {i
‘:‘).n !
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Table C30.
[1/Kg (standard error)] for organic contaminants
in Everett Harbor leachate.

Single point distribution coefficients

(0. P u(‘d A_(

Anaerobic Testin Aerobic Testing
Parameter Seguential Challenge Sequential Challenge
5 1473(141) 3574(2879) NMR#* NMR
7 3774(629) 5981(7969) NMR NMR
9 3045(2453) 5460(2453) NMR NMR
10 2579(653) 4359(1876) NMR NMR
20 614(413) NMR 3220(467) NMR
21 NMR NMR 682(229) 454 (153)
25 NMR NMR 682(229) 454(153)
26 NMR NMR 549(394) 109(0)
28 1835(3) 561(304) 525(182) 167(0)
29 553(133) 378(64) NMR NMR
30 929(261) 935(458) NMR NMR
32 266(12) 227(23) 605(260) NMR
33 NMR NMR 2335(533) NMR
34 483(116) 480(138) 1173(440) 2855(2369)
"#*NMR = No Measurable Release
c8s8
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Table C31. Metal and dissolved organic carbon concentration [mg/l (standard
error)] in permeameter effluent from anaerobic Everett Harbor sediment.

“Pore Parameter
Volume As Cd Cr Pb Zn DOC
0.085 <0.005 0.0022 0.009 0.009 <0,03 48
(0.0001) (0.005) (0.005) (0.1)
0.22 <0.005 0.0016 0.009 0.010 <0,03 49
(0.0001) (0.004) (0.003) (1.0)
0.38 <0,005 0.0007 0.009 0.005 <0.03 44
(0.0003) (0.001) (0.009) (3.2)
0.56 <0, 005 0.0008 0,008 0.001 <0.03 37
(0.0001) (0.003) (0.001) (1.5)
0.78 <0.005 0.0034 0,012 0.015 <0.03 42
(0,0008) (0.002) (0.001) (0.1)
1.00 <0, 005 0.0036 0.033 0.015 - <0,03 46
(0.0001) (0.002) (0.001) (0.1)
1.22 <0,005 0.0026 0.016 0.043 <0.03 59
(0,0001) (0.002) (0.011) (2.3)
1.43 <0.005 <0,0001 0.017 0.004 <0.03 88
(0.003) (0.001) (2.6)
2.29 <0, 005 <0,0001 0.079 0.003 0.03 361
(0,003) (0,001) (0.01) (16)
3.00 0.006 0.0002 0.074 0.005 0.052 259
(0.001) (0.0001) (0,003) (0.007) (0.013) (43)
3.45 0.005 0.0008 0.067 0.005 0.030 224
(0.001) (0.0006) (0.005) (0.002) (17
3.51 0.005 0.0001 0.063 0.004 0.051 256
(0,001 (0.0001) (0.001) (0.001) (0.008) (11)
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Table C32.

haad W N N W W e W T W T T WY WY TPy T '.—.‘--._‘*-:L‘vt-v'-'”

Metal and Dissolved organic carbon concentrations

[mg/1 (atandard error)] in permeameter effluent from

aerobic Everett Harbor sediment.

“Pore Parametcx;
Volume As Cd Cr Pb Zn DOC
0.14 <0.005 0.0343 0.068 0.210 3.65 64
(0.0110) (0.045) (0.063) (0.20) (2)
0.51 <0.005 0.0018 2.25 0.050 2.13 66
(0.0012) (2.20) (0.002) (0.38) (1)
1.56 <0.005 '0,0017 0.472 0.090 0.217 68
(0.0016) (0.469) (0.089) (0.201) (7)
2.07 <0.005 0.0002 0.136 0.002 0.060 72
(0.0001) (0.126) (0.001) (0.042) (3)
2.76 <0.005 0.0042 0.058 0.004 0.030 89
(0.0038) (0.042) (0.007) (0.016) (13)
‘3.62 <0.005 0.0002 0.018 0.012 0.097 85
(0.0001) (0.009) (0.009) (0.049) (9)
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Table C35.

batch and column leach testing.

Summary of pH, conductivity, and DOC trends during

ST
1""1' e Sty ‘n', A". 19- l’o'l" 0'. 3 .,0. l'., .fl o

“Test pH Conductivity DOC
Anaerobic Increased Decreased Peaked
batch (7.3—>8.7) (84~->181-=556)
Anaerobic Increased Decreased Increased
column M+ (7.3—>8.5) (47-->250)
Anaerobic - - Increased
column Or (50-->250)
Aerobic Static Decreased Static
batch (3.8) (40)
Aerobic Increased Decreased Increase
column M+ (3.5-=>7.5) (64-->85)
Aerobic - - Increase
column Or (62-=215)
M+: metals leaching column
Or: organics leaching column
-: no data
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Table C36. Predicted and observed values of PCB compounds

from anaerobic Everett Harbor sediment.

Average Computed Equilibrium
Compound* Pore Volume conc., mg/l conc., mg/1

28 0.33 0.00002

0.99 0.00001

1.61 0.00005

2.23 <0.00001

average 0.00002 <0.00001
29 0.33 0.00007

0.99 <0.,00001

1.61 ' <0.00001

2,23 <0,00001

average 0.00002 <0.00001

30 0.33 0.00008

0.99 0.00006

1.61 <0,00001

2,23 <0,00001

average 0.00004 0.00005
32 0.33 0.00005

0.99 0.00002

1.61 0.00005

2,23 <0.00001

average 0.00003 0.00004
34 0.33 0.00036

0.99 0.00012

1.61 0.00029

2.23 0.00001

average 0.0002 0.00002

Compound* = compound numbers correspond to Table C3.
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Table C37. Batch sequence number and equivalent pore

volumes through Everett Harbor permeameters*.

Batch Cumulative L/S "Equivalent Pore
Sequence Cumulative Batch for Batch Leachate Volume Through
Number L/S Ratio Concentration Permeameters
1 0 to 4/1 2/1 1.1
2 4/1 to 8/1 6/1 3.3
3 8/1 to 12/1 10/1 5.6
4 12/1 to 16/1 14/1 7.8
5 16/1 to 20/1 18/1 10.0

* Batch conducted at L/S = 4/1; L/S in permeameters = 1.8/1
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.01 .02 .03 .0S a 2 .3 .5 2 3 S 10
PRESSURE, TSF
BEFORE TEST RFTER TEST
OVERBURDEN PRESSURE., TSF WATER CONTENT, X 165.1 86.2
PRECONSOL . PRESSURE, TSF ORY DENSITY. PCF 30.8 58.1
COMPRESSION INOEX SATURATION, X - 98.7 100 «
TYPE SPECINEN UNDISTURBED YOIO RATIO 4.517 2.003
OIR. IN 4.44 HT. IN 1.235 BACK PRESSURE, TSF
CLAGSIFICATION ORGANIC SILT (OH), GRAYISH BLACK
LL ‘116 PL 57 PI 59 PROJECT EVERETT BAY, WA
08 2.70 (EST) |0yq
REMARKS BORING NO. - SAMPLE NO. -
OEPTH/ELEY - DATE 11 FEB 86

CONSOLIDATION TEST REPORT

SHEET 1 OF 10
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APPENDIX I: MONITORING PLANS

General

This appendix contains draft monitoring plans for dredging and disposal
operations for the Everett Homeport project. Separate plans are included for
dredging operations, contained -aquatic disposal placement, contained aquatic
disposal mound and cap behavior, and intertidal disposal. The level of detail
in the plans is intended to provide guidance on monitoring and the
level of effort involved in the monitoring. Since some of the alternatives
for dredging and disposal are still under development, these plans cannot be
considered final and must be refined once final scheduling and design for the
project has been completed.

These monitoring
plans have been revised from those presented in the Disposal Alternatives
report to reflect more recent information on the proposed alternatives.

The objectives of the monitoring plans given here are the following:

a. To determine the degree of sediment resuspension at the point of
dredging during representative dredging operations.

b. To verify modeling predictions of dredged material behavior to
include mass release during open-water disposal for the CAD alternative.

¢. To determine the area of deposition of dredged material on the bottom
following each phase of disposal for CAD.

d. To determine the cap thickness immediately following disposal and
after initial consolidation for CAD.

e. To determine the effectiveness of the cap in chemically 1solating the
contaminated sediments for CAD.

f. To determine contaminant releases from effluent, surface runoff, and
leachate for confined upland or intertidal alternatives.

Since CAD is identified as the preferred alternative and designs for CAD

have been proposed, the monitoring plans are more detailed for CAD.

Biological Monitoring

.
;3 The monitoring plans described here are restricted to physical and

chemical parameters. It is recognized that biological monitoring should be
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considered as a part of the overall monitodng effort. Biological monitoring

should reflect the concerns of resource agecies and should be developed in

cooperation with blologists familiar with Mcal species and conditions. Plans

for biological monitoring can be finalized mce a disposal alternative and

final site design 1s selected.

Monitoring Plan for Drelging Operations

Purpose and Scope

The purpose of this monitoring plan isto define the sediment resuspen-~
sion and contaminant release of a dredge plmt operating in contaminated sedi-
ments. The plan is oriented toward clamshdl dredging which is the preferred
method for the CAD alternative. The monitaring effort will identify the
resuspension of sediments generated by the dredging operation and any possible
release of contaminants from the sediment ® the water column. A sample grid
near the dredging operation will be definedwhere samples and measurements of
the resuspended sediment plume will be collected. Discrete water samples,
current measurements and other parameters w#ll be obtained at the sample grid
points. The intent of this plan is to intmsely monitor representative
dredging operations over a two day period. The procedures described in this
section are not intended for routine use tiwoughout the entire dredging
project.

Sampling Procedure

Sampling Locations. There will be oneday of background sampling fol-

lowed by two days of sampling during the dmsdging operation. The sample grid
will be completed three times during each smple day. Each sample set will be
sampled in the same order as the previous st, such that the first station
sampled on the first set will be the firststation sampled on the second set,.
Background sampling will be done prior to #e start of dredging and will
include water samples for TSS determinatior and current measurements to
describe the hydraulic regime of the area m be dredged.

The sample grid will consist of ten (B) sample stations arranged in two
perpendicular transects. The first transes will be parallel to the direction
of flow in the area to be dredged with seva (7) sample stations located at

geometrically increasing distances from the point of dredging. Stations will
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be located 100, 200, 400, 800 and 1600 ft downcurrent from the point of dredg- :{f
» ing. One station 100 ft upcurrent from the point of dredging and a station on i
the dredge nearest the point of dredging will complete the first transect. ;f]
% The second transect will be perpendicular to the first and located 200 ft o
) downcurrent from the point of dredging. It will consist of three (3)
stations. A sketch showing the grid is attached, Figure I-1l.
- Water Column Samples for Suspended Solids. At each sample station, dis- {ia
crete vater samples will be collected at the near-bottom (1 to 5 ft above bot- itf
N tom) , middepth and near-surface (1 to 5 ft below the surface). These water :E.
samples will be analyzed for total suspended solids (TSS) only, and should be =
K of sufficient volume (approx. 200 ml) to perform the analysis. %
Current Measurements. After background data has established the general .
i} flow pattern, current measurements will be collected throughout the sample .:;
collection effort at the 100 ft upcurrent station, the 400 and 1600 ft down- e
current stations, and the 3 stations which comprise the second transect. The f;
current measurements will be obtained at similar depths (surface, middepth and ft&;
"near bottom) as the water column samples. <1
Water Column Samples for Chemical Analysis. On the first day of sam- o
pling, during the dredging operation, water samples will be collected for ﬁ;
?i water quality analyses. The samples will be collected at four of the stations Eii:
along the first transect: 100 ft upcurrent of the point of dredging, at the :&:
station nearest the downcurrent side of the point of dredging (either on the
> barge or 100 ft downgtream), and at the 200 and 400 ft downcurrent stations. ::;7
s This sample set will be collected once at each station except for the first %&;
L station downstream from the dredge which will be sampled three times during :qﬁ;
the day. The water quality samples will be collected at the near surface, ;ﬁf
- middepth, and bottom at each station. Three (3) replicates from each sampling {:_
depth will be obtained by sequential sampling at each depth. Each sample i;:
replicate will be of sufficient volume for the chemical analyses to be per- ;;;
formed as outlined in this scope of work. 3
o Labeling and Field Log. For the plume sampling, there are 10 sample sta- oy
= tions. A sample number consisting of four components will be assigned to each k;?
:% sample. The four components are: date, station, depth, and time. The date ;if
p will be represented by a two digit number depicting the day of the month. The i
. station portion of the sample number will be assigned sequentially, such that .jJ
o the 100 foot upcurrent station will be 0l, the station on the dredge 02, the .'i:
o
- 13 e
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station 100 ft downstream 03 and the rest as shown in figure 1. The depths
& will be similarly numbered, 1 for surface, 2 for middepth and 3 for bottom.
The time will be incorporated into the sample number such that for a sample
S, collected on the first day of’the month and at 0800 at the 200 ft downstream
station will be 01-04-02-0800 if it was obtained at middepth.
A field log will be kept to outline sampling procedures and identify each
- sample. The field log will be arranged into sample days. The beginning of
each day will begin by recording the names of the persons collecting the sam-

ples, description of the weather condition, (approx. wind speeds and direction

etc.), and description and or sketch of the dredging operation for that day.
Each time the dredge makes a significant movement, such as changes in position
in the channel, it will be recorded in the field log. Each sample will be

"L identified in the field book by sample number, depth, time and distance from

the point of dredging. Other events recorded each day will include: cycle ;4;

time of the dredge bucket, current measurements, any interruptions of the

5:1 N

dredging operation, water temperature, any ship movement in the vicinity of
'the field study, and any other event the data recorder feels to be pertinent »af;
to the field study. Similar procedures for labeling and field logging should L
be used in other portions of the monitoring. -

Laboratory Testing e

Total Suspended Solids. All the discrete water column samples will be -
analyzed for total suspended solids IAW the AWWA-WPCF-PHS Standard Methods

(Total of 250 samples). .
Chemical Analysis of Water Column Samples. All water quality samples N

collected at the station immediately downstream from the dredging operation
(Total of 27) will be analyzed for TSS, dissolved chemical concentrations TN
(filtered or centrifuged subsamples), and total chemical concentrations. A
dissolved sample will be defined as that passing 0.45 micron filters. This
. will yield a total of 54 water samples for chemical analysis. Both the total
and dissolved subsamples will be analyzed for metals, nutrients, PCB's and é.
- ' PAH's. A list of specific parameters for analysis will be necessarv.
. The remaining water quality samples (27) will be split;
subsamples filtered or centrifuged, preserved, and retained for possible later if:

chemical analysis,

IS
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The contractor will summarize the data collected in a report to include
tables of all test results, descriptions of the test procedures used, copies
of sample logs and field notes, and any other information pertinent to the

sampling and testing.

Monitoring Plan for Dredged Material Placement

for the CAD Alternative

Purpose and Scope

The purpose of this monitoring program is to determine actual disposition
of dredged material during disposal for the CAD altermative and to verify
mathematical models used to predict such behavior., Verification of modeling
assumptions regarding the behavior of material during descent to the bottom,
surge along the bottom, and initial transport through diffusion will be
accomplished by intensely monitoring several barge dumps using arrays of
‘instrumentation in the water column and on the bottom. The area of deposition
following each phase of disposal will be determined by comparisons of
bathymetric surveys taken before and after each phase of disposal, sup-
plemented by data from instrumentation on the bottom. The monitoring program
outlined could be applied with modifications to most coastal dredged material
disposal sites possessing similar water depths and currents.

The scope of work includes descriptions of the data to be collected to

characterize the disposal site and the properties of the material in the dis~

posal vessel as well as the data required to describe the descent of the mate
rial as it falls through the water column, spreads over the bottom as a
density current, and finally 1is transported by the ambient current while
undergoing turbulent diffusion., Descriptions of the instrumentation required
to accomplish the monitoring program as well as the placement of instruments
around the disposal point is also presented. This scope is written assuming

that disposal will be from bottom-dump scows. If a different dredging method

is selected, appropriate modifications to this plan must be made.

Field Data Collection Program

To provide insight into the fate of dredged material disposed at the des- .J
ignated disposal site as well as to furnish data for verifying mathematical

models, field data must be collected throughout the placement processes that ,1

N
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occur during several disposal operations* and for a short period of time after Zi;i
each operation., A major problem that must be overcome stems from the fact §£§
that dredged material placement occurs through a series of rapid “';
three-dimensional processes that may be quite difficult to observe. The E;Zf
requirement for rapid and continuous observations of dredged material place- jfkg
ment can best be met by optical transmittance and acoustic and water flow mea- l;;w
surements**, Both continuous observations at one location and observation =;%
‘profiles made through the water column must be made. Comparison with sus- fﬂfj

end

-

.
N
L ¢
LS
Rk
R
.
o
.

pended solids concentration measured in simultaneously taken water samples
will assure reliability of transmissometer calibration. A survey echo sounder
can be used to track dredged material through the water. If the boundary
between the ambient water and water containing dredged material is a sharp

one, the sounder permits flow velocities and layer thicknesses to be measured.

Flow velocities of dredged material can also be measured directly with stan-
. dard current meters. These methods of measurement will be used simultaneously
during each disposal operation monitored.

.Instrument Requirements

Transmissometers. The requirements of the transmissometer design are

mechanical rigidity and sufficient strength to withstand forces encountered
during the release of dredged material. It is also necessary that the instru-

ments operate at much higher sediment concentrations than are usual for opti-

cal methods. A total of 6 transmissometers must be used simultaneously during
the monitoring program.

Acoustic Transducers. Acoustic pulses of 200-kHz frequency return good

echoes from small concentrations of fine-grain sediments. Based upon work by
Proni***, standard echo sounder equipment should suffice to detect the
presence of dredged material. For example, Raytheon survey fathometers
operating at 200 kHz with an 8° cone angle might be used. A total of

9 transducers must be used simultaneously during the monitoring program.

* For purposes of this monitoring program, a "disposal operation” {is
defined as the filling, transport, and subsequent release of a single
load of dredged material.

& *% Bokuniewicz, H. J., et al, "Field Study of the Mechanics of the Placement

’ of Dredged Material at Open-Water Disposal Sites," TR D-78-7, U.S. Army
Engineer Waterways Experiment Station, Vicksburg, MS.
*** Proni, J. K. et al, 1976, "Acoustic Tracking of Ocean-Dumped Sewage
- Sludge,”" Science, Vol 193, pages 1005-1007.
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Current Meters. Fluid flow measurements are needed to determine the

background current at the disposal sites and to record the velocity of the
bottom surge and the speed of descent of the dredged material. Measurements
of speed and_direction of the background current can be made with an Endeco
current meter, or equivalent, mounted on taut moorings at the desired dis-
tances above the bottom. Several types of flowmeters could be used to measure
the speed of flow in the bottom surge, e.g., a standard Price meter of the
type designed to measure flow in rivers. At least one current meter and

.7 flowmeters must be used simultaneously during the monitoring program.

Survey Equipment. The monitoring program includes detailed bathymetric

surveys. A Ratheon survey echo sounder, or equivalent, could be used.

Water Pumps. Submersible electric pumps with a capacity of at least
0.01 n3/minute must be used to collect water samples during each disposal
operation. At least 6 pumps must be used simultaneously during the monitoring
program.

Range and Bearings. The positions of observing points around the scow
should be determined by electronic positioning equipment similar to Loran C
positioning system or better. This equipment should be calibrated using fixed
range markers and coordinates from navigational charts. Ranges can be taken
with an optical range finder and bearing compasses can be used as a field
check on the electronic positioning.

Deposition Samplers. Alternmatives are available to measure the extent of

depositions occurring from disposal activities. For example, one type sampler
may consist of sediment collection vessels mounted at multiple levels on a
tripod which will rest on the bottom. The lover vessels will reflect accu-
mulation of material reaching the samplers due to the bottom surge. The
uppermost vessel will reflect only the deposition of material due to
transport-diffusion. A diagram of the sampler is shown in Figure I-2. (This
sampler is identical to that used by Glenn Earhardt, Baltimore District, in
similar studies.) As a supplement or alternate, a sediment profiling camera
such as REMOTES (Remote Ecological Monitoring of the Seafloor), or comparable,
can be used to measure the thickness of the deposited sediments. Use of
deposition samples is critical in measuring the extent of thinner layers of
deposited material which would not be observable by surveys.

Sediment Sampler. The properties of the dredged material in the barge

are required for each disposal operation monitored. To determine properties
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of the material at various vertical locations in the barge, a syringe

e
—.

)

mounted on & long pole with the piston pointing up can be used. With this
configuration, no material will enter until the syringe is at the desired
depth and the piston is pulled. Samples of the dredged material from the

) -
i)

-

> surface can be taken with a scoop.
-E Timed Camera. A stationary camera with time-lapse capability will be
used to record the filling of the barge and the subsequent release of dredged
y material from the barge during each disposal operation monitored. A scale
: will be attached to the inside wall of the barge so that estimates of volumes
X and rates of filling and release can be determined from the photographs.

! Observation Boats. At least seven observation boats will be used simul-
taneously during the disposal operation sampling period. The boats should be
i large enough to accommodate three crew members, who will handle equipment and
record data, plus all necessary equipment. The observation boats will serve
as a working platform for the crew and should be stable under expected working
conditions. The boats should also be able to anchor in the water depths
anticipated at the site and equipped with electronic positioning equipment.
‘ Description of Disposal Operations to be Monitored

The disposal barge will be stationmary during the monitoring operation. A
~ range of disposal operations consisting of varying volume and dredged material
5 possessing different sediment and water content should be monitored (if
Y applicable). In addition, disposals should be conducted at different times in

the tidal cycle, reflecting the maximum and slack current velocities during
. the flood and ebb tides, and in different water depths (if applicable).
Data Collection Phases

\» Major factors affecting the short term fate of dredged material disposed
X

in open vater are the disposal site characteristics, the properties of the -
. TN
‘t disposed material, and the type of disposal operation. Data concerning each ey

factor must be collected. The behavior of the material can be separated into
three phases: convective descent, during which the dump cloud or discharge

jet falls under the influence of gravity; bottom collapse, occurring wvhen the

3 o

% descending cloud or jet impacts the bottom; and passive transport-diffusion, RS

\; commencing when the material transport and spreading are determined more by

;' ambient currents and turbulence than by the dynamics of the disposal opera- N

Wk o
tion., Data describing the movement of the dredged material through each of

A

'f these phases will be collected. -
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Bathymetry.. Bathymetric surveys vill be obtained prior to disposal and jif
after the entire volume of dredged material has been placed in each phase. i&’
Phagses to be surveyed include the berm (if used) first contaminated mound, ifﬁ
first cap, second contaminated mound, and second cap. Other supplemental ;t?f
surveys would be desirable to determine progress during each phase. 3&:.
The pre-disposal survey is to establish existing depth gradients and to :.{:
serve as background of the site prior to initial disposal. The post ey
disposal surveys will be used to help determine mound configuration and :{3
sediment volumes. ;:%:
Disposal Site Characteristics. Current velocity and direction data from ey
at least one station will be collected during the sampling period. Such data ey,
can then be converted to a local velocity field through a ratio of water Sj&
depths. A sufficiently large density gradient in sufficiently deep water can Z:E
result in arrest of the descent phase. Therefore, the vertical density pro- ~iny
file at the time of maximum flood, ebb and slack water current velocities will N,
be obtained at the deepest point in the disposal site. This will require the :§E~
collection of salinity and temperature data. ﬂiii
Properties of Dredged Material. Data must be collected concerning the éi;
properties of the dredged material in the barge prior to all disposal opera- e
tions which are monitored. Timed photographs should be taken as the barges Z;ﬁ;
are filled during dredging. Samples of dredged material, for subsequent lab- Eﬁé
oratory analysis must be taken from the barges with the syringe sampler previ- b
ously discussed. In most cases the material will not be uniformly distributed {:T
over the depth; therefore, samples should be taken at the surface, at mid- Eti:
depth, and near the bottom. These samples will be analyzed for the following iESE
parameters; moisture content, Atterberg limits, bulk density, specific gravity fﬁ
of solids, void ratio and the particle size distribution. Chemical composition o
should also be determined. :5:“
Point of Discharge. Control of the point of discharge will be important S¢S;
st

throughout the entire disposal operation. Appropriate control for the point
I. of discharge will be specified in the plans and specifications and will be

. used to establish the points of discharge durirg the monitoring. Control for
the point of discharge could be established by pre-located taut-line buoy,

electronic positioning with on-board computer printout, or other appropriate G

means. The disposal barge during placement of contaminated sediments should




8
%if be stationary during the release phase for each dump, This will assist in

s keeping the dredged material mass in a clumped condition for descent.

;; Disposal Operation Data. The quantity of material and the mode of opera-
- tion of the Eoctom—dunp doors must be provided for each disposal operation

53 monitored. Information concerning the time required to complete the discharge
o of material from individual barges as well as the time required for complete
j§&§ discharge is essential. In addition, the location of the doors below the
Ny water surface, the distance from the doors to the center of gravity of the
fﬁs dredged material, and the dimensions of the doors must be furnished. The rate
S: of emptying of the barges can be determined by taking a series of timed pho-
B tographs of the barges during discharge. Water level measured against a scale
s photographed in place in the barges can then be converted to volume of mate-
:% rial with the aid of calibration curves available from builder's drawings.
f\ Timing of events during the monitoring efforts should be based on the time at
‘3?4 which the scow doors are first opened. Observers should be placed on the scow
v to call or signal the time of discharge.
':&; ' Descent Data. Processes that occur during the descent of dredged mate-
Egi rial through the water column determine the impact velocity at the bottom, the
W location of the impact point, and the amount of material that reaches the
T bottom. Field observations using transducers and a flow meter are intended to
‘};j yield information on the descent velocity, size and entrainment of the
‘;:: descending cloud or jet. The instruments to provide this data may be deployed
i, as shown in Figure I-3.
fﬁl' Release of much of the dredged material in the form of cohesive blocks or
fi;: clods will occur if the material in the barges is cohesive and the water con-
;ES tent is low. Evidence on the formation of clods during the release of the
[0 material must be provided. This can be obtained by either taking bottom

R photographs under the disposal vessel immediately after the disposal opera-
:ki tion, through acoustic data or both. A transducer looking downwards alongside
:#; the disposal vessel will be used to detect the presence of clods during free
e fall.
KoV, Detailed information on the descent of the dredged material will be

T obtained with transducers and flowmeters. The transducers should be used to
produce beams directed downwards, upwards, and sideways. From the transducer

data, the speed of the descending cloud or jet can be determined. The speed
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of the descending jet of dredged material will also be measured with a flow-
meter. A low threshold propeller should be used to enable the measurament of
flow velocities from almost zero to perhaps 3-4 ft/sec. The flowmeter could
be attache{_alongside the transducer as shown in Figure 1-3.

Bottom Surge and Spread Data. Impact of the descending jet or cloud with

the bottom deflects the flow of dredged material and entrained water to form a
surge or density curreant which spreads away from the impact point. The surge
spreads radially outward with both its thickness and speed decreasing as its
radius increases. The entrainment of ambient water into the surge and fric-
tion eventually cause the velocity of the surge to decrease to the point where
much of its contained sediment is deposited. The initial energy of the surge
and the rate of energy dissipation determine the range of the surge, as wvell
as the area of the bottom that will be covered by dredged material, the form,
and the thickness of the deposit. To adequately describe *-& bottom surge it
is necessary to know its velocity as a function of distance from the impact
point, its thickness, and the concentration of solids contained. The rate at
‘'which the leading edge of the surge spreads outward from the impact area can
be determined by noting the time at which the spreading surge of dredged mate-
rial arrives at a number of stations various distances from the disposal ves-
sel, Since the bottom surge resulting from the disposal of dredged material
can be expected to spread over several hundred feet, the distribution of
stations shown in Figure I-4 will be used. Since the disposal is made over an
essentially flat area of the disposal site, the surge should be symmetrical
about the impact point. The station located 200 feet up current of the
descent impact point will be used to confirm this.

At each station, the arrival time of the surge will be detected with a
transmissometer, a 200-kHz acoustic transducer, and a flow meter or a bottom-
mounted recording current meter. A typical configuration of instruments
required to characterize the bottom surge is shown in Figure I-5. The instru-

ments must be secured in such a way as not to be displaced or damaged by the

bottom surge.

The thickness of the surge and the change in thickness in time will also fg
be measured by the acoustic transducers. Because of the suspended solids, the
fluid in the bottom surge should return a good echo of the 200 kHz acoustic é
pulses.

114 o
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Figure I-4. Distribution of deposition samplers, Everett Homeport.
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To monitor the concentration of suspended sediment in the bottom surge as o~
well as the suspended sediment concentrations in the transport-diffusion
phase, both transmissometers and water samples collected with submerged pumps
will be emp{gyed. The transmissometers and pumps should initially be
stationed about two feet above the bottom and continuously pump water to the
observer boat above for purposes of monitoring the surge. Discrete water
samplés should be collected at the 200- and 400-foot stations at 30~second
intervals for the first three to five minutes, and every minute thereafter
until the surge has passed. Water samples obtained simultaneously with
transmittance readings should provide a check on the transmissometer
calibration, and will be particularly useful if the sediment concentration is
too large to be measured by optical methods. The solids content of the water
samples can be determined by filtration through millipore filters followed by
weighing of the dried sediment. The bottom surge phase of the disposal
operation should be over approximately fifteen minutes after its initiationmn.
Additional sample volumes for water quality should be taken at the 200 feet
‘station during this period.

Transport-Diffusion Data. To provide information on the longer term of

transport and diffusion of the suspended sediment cloud remaining after the
energy of the bottom surge has been dissipated, sediment concentration and
cloud thickness data should continue to be collected at all stations until the
next disposal event. During this period, altermating transmissometer readings
and water samples should be collected. The data should be obtained throughout
the water column at near surface, mid-depth, and near bottom. A sampling
interval of perhaps three to five minutes will probably be sufficient.

Deposition Data. Deposition samplers should be installed or sediment

profile samples collected at the same locations shown on the grid in Fig-
ure I-4 to determine the quantity and distribution of settling from the dis-
posal operation. A bathymetric survey of the dredged material mound should
also be obtained at the time of the deposition data collection.

Water ‘Quality Samples

Samples for water quality analysis will be collected at the station near-
est the downcurrent side of the point of disposal. The water quality samples
will be collected at the near surface, middepth and bottoxz at each station. .
Three (3) replicates from each sampling depth will be obtained by sequential
sampling at each depth. Each sample replicate will be of sufficient volume
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for the chemical analyses to be performed as outlined in this scope of work.
will be analyzed for TSS, dissolved chemical concentrations (filtered or cen-
trifuged subsamples) and total chemical concentrations. Dissolved samples
will be def{yed as that passing 0.45 micron filters. This will yield a total
of 9 water samples for chemical analysis for each disposal operation moni-
tored. Both the total and dissolved subsamples will be analyzed for metals,
nutrients, PCB's and PAH's. A list of specific parameters for analysis will
be necessary.

‘Data Analysis and Report

All data collected by the contractor will be furnished; however, the con-
tractor will also analyze the data to provide the follov{ng information in

either graphical or tabular form for each disposal operation monitored:

a. Water depths over the disposal site and a description of the relative
roughness of the bottom.

b. Magnitude and direction of ambient current as a function of time and
position in the water column at the background current station. The
water depth at the current station must be provided.

¢. Vertical profile of ambient density at maximum flood and ebb current
velocities and slack water periods of the tidal cycle.

d. Amount of dredged material disposed in each disposal operation, bulk
density, vertical variation of density in the hopper, grain size
distribution, void ratio, and Atterberg limits of the material in the
hoppers or scow. Drawings of the disposal barge showing the bottom
doors and a detailed narrative describing the actual disposal opera-
tions, e.g., time required for disposal to be completed, etc. In
addition, visual observations of the wind and sea conditions should
be provided.

e, Time required for the disposed cloud or jet of material to strike the
bottom, its growth while falling through the water column, its veloc-
ity at bottom encounter and an estimate of the amount of solids that
falls as clods and the average fall velocity of those clods must be
provided.

f. Time history of the radial spreading of the bottom surge and a time

history of the flow velocity, surge thickness and suspended sedimeng

concentrations at each of the stations.
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g+ Thickness of depogsited material obtained from the deposition if?
samplers. In addition, from the bottom photographs and the resurvey :i:
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information the volume of material deposited. B

A written report describing the monitoring conducted, and the results i
" -

N

will be provided within 60 calendar days of the completion of momitoring.

This report will include narrative descriptions of the conditions during
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monitoring, equipment utilized, monitoring techniques employed, results, and

any other data pertinent to the monitoring effort. ]

Summary :::5:::
The fate of dredged material released at an open water disposal site is éﬁg

determined by disposal site characteristics, properties of the material, and

by the nature of the disposal operation. The objective of this monitoring
program is to follow the path of the dredged material, to determine how much
material reaches the bottom, in what form, and how long it takes for the
placement processes controlled by the factors above to go to cowpletion.
Results from the field data collection will provide quantitative information
‘on how much material will be retained in the site from individual disposal
operations and the distribution of that material on the bottom. In additionm,
the detalled data collected during the descent, bottom collapse and
transport-diffusion phases will aid greatly in the calibration of mathematical
models for predicting the short term physical fate of dredged material during

open water disposal operations.

Monitoring Plan for Mound and Cap Behavior

General
This plan is intended to provide data for determining the Iinal cap
thickness immediately following disposal and after initial consolidation and

the effectiveness of the cap in chemically isolating the contaminated sedi-

ments. This will be accomplished by physical and chemical analvsis of core
K samples taken through the cap at various time intervals. Information on
material type, density, and void ratios must be obtained at various times
", before, during, and after the dredging and subsequent disposal and capping
b’ operations in order to quantify the amount and condition of materials
involved. The monitoring effort would be similar to that carried out for the

e recent capping demonstration project on the Duwamish Waterway. Determination

Vet et e S T VR T WL N a1 e . . - . . N -
- P AT N e N e L e
OO 2Ly I S e

..........
...............




q-"‘-"\-r-r-"'h7\.“\'mr. Aaia Sy it £asakava)
L

of the materials' in-situ engineering properties over time are necessary.

.5 Also chemical analysis of the sediments and the pore water will yield informa-
tion on possible contaminants and any discernible .migration of these con-
taminants through the cap into the water column. Several types of activities

l;; are necessary to obtain the required information,

Ek: In situ samples of the sediments must be obtained before dredging, during

storage/transport in the barge, and at several times after placement at the

:f: disposal site. Core borings of the sediment/dredged material will provide
:5 information concerning types of materials involved in this disposal operation;
:35 this information will be useful in predicting anticipated behavior of the
" material and in interpreting/understanding observed field behavior, i.e. rate
;fﬂ of consolidation and possible erodibility of the sediments, Sampling will
:}: also provide data on void raﬁios/densities of the material at various times
;ﬂz during the dredging/disposal operation; this will allow determination of the
A;: (average) effect of various dredging/disposal activities on sediment charac-
0N teristics. Void ratio data will provide needed information about the condi-
LE “tionms existing when consolidation begins.
:;ﬁ Sampling and Materials
Portions of the sampling requirements may be covered in other monitoring
113{ plans or sufficient data may be available from previous samples. However, all
’gi required sampling 1s discussed in this monitoring plan. Samples will be taken
,i; at selected locations within the contaminated shoal to be dredged within rep-
J resentative transport barges and at the disposal site. All core samples will
:; be taken with a Vibrocore sampler or equivalent core sampler. A twenty foot
‘:% vibracore sample, or a shorter sample if refusal i1s reached before 20 feet,
i;i will be taken at each sampling location. Within the barge, grab samples will
be taken during barge loading. Portions of all samples takem prior to
:;ﬁ disposal operations will be available for chemical analysis, as deemed
igs necessary by sediment chemists. Samples taken subsequent to disposal will be
;ig collected for the dual purposes of geotechnical analysis and chemical
e analysis.
i:g Vibracore ;amples of the foundation soils will be obtained from the dis-
;;i posal site before the disposal operation begins. Vibracore samples will be
Iiﬁ obtained at stations corresponding to these shown in Figure I-4. The borings
fﬁ3 should be centered in the disposal site in the upslope to downslope direction. |
3; These samples are necessary for delineation of foundation materials from

2‘1 r 'y
v
)
P
At

X
T

Pol s
Pt

120

J]lh

-
a w ¥
et
AL

--------



fad o By Acs b S ol Sol o ot et il S ol ok Sogh g b Al i i’ & AR At au dia fiae ke Shbe-han ie ke A A SR in e sl ~A bata i Sl tal tab el sl tnl S0k el Sadcing
[

)
.
r

S

F-’lp
’
*
»

i
)l"
At

'

dredged material in future borings collected at the disposal site. Prior

P

L
.

knowledge of the foundation material to be expected at the disposal site will -
be invaluable in identification of the foundation-dredged material interface, L(v
particularly if any intermixing of materials occurs during disposal or sam- .
pling opera:ions.

After placement of both the contaminated material and the capping mate-
rial, core borings will be taken at specified time intervals to provide pro- N
files of engineering properties. This will provide a means of monitoring any
changes in the capped site in both the spatial and time dimensions. E}::

Initial samples at the capped site will be taken utilizing the vibracore —
sampler. Whether or not this sampler 1is used for future core borings on this
project is dependent upon (1) quality of the samples obtained initially from
the capped site and (2) continued availability of the equipment. Twenty foot “
samples will be taken at locations selected to correspond with settlement ——
plates which will have been placed in the disposal site before sampling N
occurs. Vibracore samples will be taken of locations. The schedule for ig
‘sampling should be: immediately after cap placement, and then at 6, 12, and l;k
18 months after cap placemént.

Laboratory Testing (Geotechnical)

The vibracore borings will be visually inspected and photographed soon
after completion of the sampling operation. Portions of each boring will be
selected for laboratory testing. Soil classification will be determined for
each sample; testing will include water content, Atterberg limits, specific
gravity, and grain size distribution (hydrometer and/or sieve analysis). Con-
solidation tests will also be performed on selected samples. The number of

samples selected for testing will be dependent upon results of the visual
examipation of the cores.
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Settlement Plates

Deployment and monitoring of settlement plates in the mound is desirable

to differentiate between mound consolidation and mound erosion. Designs for

. settlement plates, monitoring requirements, diving plans, etc. were necessary ;ﬁj
. for similar mound monitoring conducted at the Duwamish demonstration recently .g :
conducted in the Seattle District. _iik

It is recognized that the water depth at the proposed CAD site would pre-

sent significant problems for such a monitoring effort. Final decisions on ';{:

E3 deployment and monitoring of settlement plates should be made only after final
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CAD site design is complete and a more through evaluation of the potential
problems for monitoring can be made.

Chemical Migration Through Cap

Problem. Capping contaminated dredged material with clean material to
reduce the ecological impact of dredged material disposal in open water has
been conducted on an experimental basis in the New England Division and
Seattle District. These studies have shown that capping is technically feas-
ible and that the caps appear to be stable under normal tide and wave condi-
tions (0'Connor, 1982; SAI, 1982). Results of laboratory studies conducted at
WES during the past 4 years to evaluate the effectiveness of capping in iso-
lating contaminated dredged material have demonstrated that capping can iso-
late contaminated dredged material over a period of from 40 to 360 days. It
is believed, however, that capping slows, but does not prevent, the transfer
of contaminants to the overlying water over a prolonged period (0'Conner,
1982). _

Objective. The objective of this phase of the study is to evaluate the
‘movement of contaminants into the cap material from the underlying con-
taminated sediment and determine the effectiveness of the cap in preventing
contaminant transfer to the overlying water.

Approach. Movement of contaminants through the cap and their rate of
movement should be determined using a combination of water column and sediment
core sampling. As contaminants move into the clean cap material from the con-
taminated sediment, they will be adsorbed by the clean material. As the
adsorptive capacity of the lower cap layer 1is reached, the contaminants con-
tinue to move upward into cap sediment with remaining adsorptive capacity.
Over time, the cap should become progressively more contaminated if contami-
nants are moving from the underlying material, and a discernible contaminant
wave should be observed. Once the contaminants have exceeded the adsorptive
capacity of the cap, they will diffuse into the overlying water. To track and
quantify these contaminant movements, cores and water samples should be taken
as soon after capping as possible (within one month), then at 12 and 24 months
after capping.

Water samples must be obtained from as near the bottom as possible
(within ! meter) and should include four (4) samples taken in a transect

across the site and an equal number of samples taken at an appropriate
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reference site. These samples must be filtered or centrifuged to remove
particulate matter.

Sediment samples for chemical analysis will be obtained from vibracores.
Four to 6 cores in a transect will be needed. Sampling will be concentrated
in the cap material and the upper 30 cm of capped sediment. Beginning at the
surface of the core, 23-4 cm sections will be taken in each core. This will
ensure that all cap material to the clean/contaminated interface will be sam-
pled despite localized variations in the cap depth. In addition, one sample
of capped material will be taken at a depth of 6 ft.
References

0'Connor, J. M., 1982. Evaluation of Capping Operations at the Experimental
Mud Dump Site New York Bight Apex, 1980, Synthesis Report for U.S.A.E. Water-
wvays Experiment Station, Vicksburg, MS.

Science Applications, Inc. 1982. DAMOS Progress Rept. to U.S. Army Engineers
New England District. Science Applications Inc., Newport, R.I.

Monitoring Plan for Intertidal Disposal

Monitoring efforts for intertidal disposal sites should include effluent
wonitoring during filling operation, surface water monitoring during a repre-

sentative storm event, and leachate monitoring using observation wells.

Effluent Monitoring

Since the effluent discharged during filling operations potentially
accounts for the majority of contaminant release from an intertidal site,
routine monitoring should take place throughout the filling operations. The
routine monitoring could be limited to suspended solids and perhaps represen-
tarive chemical parameters to determine the overall efficiency of the site in
retaining contaminants. The routine samples should be taken and analyzed on a
daily basis for suspended solids and parameters such as dissolved oxygen,
Routine samples should be taken on a weekly basis for chemical analysis. Each
routine sample should be composited from several grab samples of the effluent
taken from the discharge weir overflow. In addition to the routine sampling,
& more intensive sampling effort should be carried out during one representa-
tive filling day early in the disposal operation. This sampling effort will

be used to verify the accuracy of the modified elutriate test as a predictive
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technique for the project. On the intensive sampling day, a total of 12 influ-
ent and 12 effluent samples should be taken on an approximately hourly basis.
This will provide a basis for establishing the contaminant retention efficiency
of the site_§nd provide a basis of verifying the total contaminant mass release
from the site.

All samples taken for chemical analysis should be analyzed for total and
dissolved concentrations of the parameters of concern in additfon to suspended
solids. Early routine monitoring can verify which parameters are likely to be
present in the effluent, and costs of monitoring could be subsequently reduced
by eliminating other parameters from the analysis.

Surface Runoff Monitoring

Monitoring of surface runoff quality should be conducted for a represen-
tative storm event. It is assumed that runoff water from storms would be
ponded in the site by control of the weir boarding, and water would only be
released once suspended solids had settled from the ponded water to the
greatest possible degree. Therefore, the monitoring should be conducted by
"sampling directly from the pond during or shortly after the storm event.
Three replicate gsamples would be taken from the pond at the weir structure.
The samples would be analyzed in the same manner as effluent samples taken
during filling as described above.

Groundwater Monitoring

Escape of contaminants from nearshore disposal sites can occur due to the
close proximity to and movement of water adjacent to the site. Monitoring of
contaminant escaping into adjacent waters and groundwaters is complex and
costly. Tidal fluctuations at nearshore sites may affect the direction and
flow of groundwater through the disposal sites. Since the contaminated
dredged material will be placed at or below the groundwater level, the contami-
nants will be in direct contact with the groundwater, and the potential for
contaminant migration will exist. The results of testing have indicated that
the contaminants are sediment bound as long as the material remains saturated,
however, groundwater monitoring to confirm this would be required. If the
installation of liners to prevent contaminant migration is required, then
monitoring to evaluate the effectiveness of ;he liner system both below and
outside of the site would be necessary.

Groundvater monitoring wells should be established around the entire site
at both the East Waterway and Smohomish sites. From preliminary sketches, the
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total diked perimeter of the 100 acre Snohomish Channel site is approximately

- 7600 feet and the East Waterway site is approximately 4000 feet. If wells are
‘ spaced at 500 foot intervals, this would require the installation of 15 wells

for the Snohomish Channel and 8 wells for the East Waterway. These wells

tEe? should be screened in the water carrying stratum around the site. Additionally
wells may also be installed in the dikes to monitor seepage through the dikes.
; Monitoring wells installed inside the disposal areas will evaluate leachate
_ percolating through the base of the disposal site. Monitoring wells installed
éﬁ%; outside the dikes when compared to wells through the dikes could be used to
. evaluate the dilution factor at the dikes.
6353 The contaminants of concern have been identified by the Seattle District
- as: chrocium (Cr), nickel (N), copper (Cu), zinc (Zn), arsenic (As),

lead (ij. cadmium (Cd), mercury (Hg), polychlorinated biphenols (PBC), poly-
i) nuclear aromatic hydrocarbons (PAH), and l- and 2-methylnaphthalene. Sampling
i should begin before dredged material placement to evaluate background condi-
h:ﬁ;i tions. Background conditions should be evaluated for tidal and seasonal fluc-
- 'tuation. The sampling frequency should be more frequent during the beginning
@ of the dredging project to evaluate the initial impact of the contaminated
sediments in the disposal sites. After disposal operations are completed and

- the clean caps are in place, sampling may be performed less frequently unless

A evidence of contaminant migration is seen.
Action threshold levels for contaminants of concern may be established to
@ indicate the probability of exceeding chronic saltwater criteria at the dike

face. This would indicate a failure of the disposal site and controls to ade-

';&;f quately contain the contaminants and may justify initiating a remedial actionm.
A monitoring program frequency and threshold level similar to the program used
6§!§ at the Port of Seattle for the Terminal 91 confined disposal of contaminated
" sediments may be used.
,§{~ A detailed monitoring program cannot be developed without detailed data
ﬁ*:: as to dike layout and construction, control measures to be constructed, and
NS dredged material placement schedules. When this data becomes available or is
“?Hi developed along with more detailed information as to the hydrogeology of the
o site a more detailed monitoring program outlining well placement and sampling
o

strategy can be developed.
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ABSTRACT

Results from a series of numerical model runs predicting the short-term
fate of contaminated and uncontaminated dredged materials disposed in open
water are presented. Results for two types of disposal methods are presented, j
a bottom dump of contaminated material and a capping operation with uncontami- ‘
nated material using hydraulic dredging and pipe discharge. Long-term pre-
dictions of disposal mound configuration and capping thicknesses based on hand
calculations are also presented. Three current conditions and four dredged
material clumping percentages were simulated for the bottom dumping of the
contamimated material. Three discharge pipe configurations and four pipe dis-
charges with varying density were simulated for the capping operation with )

uncontaminated material. The conditions tested were intended to represent

typical conditions for the disposal of macerial at the proposed Navy Homeport

site at Everett, Washington.

General conclusions from the modeling are:

a. For a single 4000 cubic yard barge dump of material, more than
ninety-eight percent of the disposed contaminated material will deposit within
one hour for all tests 8% 265 feet. The disposed contaminated material will
deposit within an area of 800 by 1000 feet with a maximum thickness of
approximately 0.60 feet.

b. More than ninety percent (at a discharge rate of 30 cubic yards of
solids per minute) of the disposed uncontaminated capping material from each
sweep of the confined surface discharge will deposit within an hour. The swath
of deposition will be less than 300 feet wide with a maximum thickness of
approximately 0.09 feet. Bottom impact velocities will be less than 0.5 feet
per second.

¢. More than ninety-five percent (at a discharge rate of 30 cubic yards
of solids per minute) of the disposed capping material from the 50 and 150 foot
stationary downpipe capping operations will deposit within an hour. The area
of deposition will have a radius of less than 100 feet with a maximum thickness
of approximately 2.0 feet., Bottom impact velocities will be less than l.l feet

per second for the coarsest fraction of material.




d. Long-term disposal of 836,000 cubic yards of material (97,000 con-
taminated and 739,000 uncontaminated) in the first dredging season and
2,469,000 cubic yards (831,000 contaminated and 1,638,000 uncontaminated) in
the second dredging season will generate a disposal mound with a final radius

of approximately 2400 feet, a side slope of approximately 1V on 30H and a cap

thickness of approximately 4 feet.
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PREFACE

This report describes supplemental information regarding an
evaluation of dredging and disposal altermatives for the proposed
U.S. Navy Homeport at Everett, Washington. The U.S. Army Engineer
District, Seattle is assisting the Navy in preparing a dredging plan
for approximately 928,000 cubic yards of contaminated sediments which

require dredging as a part of the project. This report is an addendum

to the Corps Sediment Testing and Disposal Alternatives Evaluation.

The report was prepared by the following personnel of the

WES Hydraulics Laboratory (HL): Mr, Steven A, Adamec, Dr. Billy H. Johnson,

and Mr. Michael J. Trawle.

Director of WES was COL Allen F. Grum, CE, Technical Director
was Dr. Robert W. Whalin.
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EVERETT HARBOR DREDGED MATERIAL DISPOSAL STUDY

PART I: INTRODUCTION

Background

1. The U.S. Navy has proposed to site a Carrier Battle Group (CVBG)
Homeport at Puget Sound in the East Waterway of Everett Harbor, Washington
(figure 1). Construction of the Homeport facility will involve dredging and
disposal of contaminated and uncontaminated sediments from the East Waterway.

A total of 3.3 million cubic yards of material would be dredged. Approximately
928,000 cubic yards of that total has been defined as "dredge contaminated" by
the Navy. The dredge contaminated material would be removed using a mechanical
dredge. Removal of the remainder of the approximately 2.4 million cubic yards
would be by hydraulic dredge. The Navy has selected the Deep Delta site in
Port Gardner for contained aquatic disposal (CAD) as its preferred disposal

alternative. The disposal site under consideration is located in water depths

averaging approximately 265-400ft(figure 2). Currents range from 0.1 to

[l:i 0.2 fps and generally run from southeast to northwest. A key factor in the
feasibility of disposal at this site is the ability to adequately cap approxi-
mately 900,000 cubic yards of contaminated material with approximately

p 2,000,000 cubic yards of uncontaminated material. This procedure will require

accurate placement of contaminated and uncontaminated material within a defined

Iﬁg} boundary at the site without significant dispersal. In June 1984, the Navy
contracted with the Seattle District to provide technical assistance in devel-

<. oping the dredging and disposal plans. This report presents the results and

interpretations of a numerical modeling study, performed by the Waterways

Experiment Station for the Seattle District in support of the District's

assistanco to the Navy.

Objective

2. The objective of this investigation was to predict the short-term
fate of both contaminated and uncontaminated material which may be dredged and

Bﬁf. disposed in the Everett/Port Gardner Harbor area. These results were combined
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with field experience from previous Corps dredging projects to predict the
overall dimensions of the disposal area upon completion of the dredging

operations.

Approach

3. The approach used was to simulate the open water bottom dump barge
disposal of dredged material using the numerical model DIFID (Disposal from
Instantaneous Dump). The model predicted the deposition pattern of disposed
material for each of the conditions tested as well as suspended sediment con-
centrations in the lower water column. DIFID was then modified to simulate the
proposed capping operations. The model predicted bottom impact velocities,
deposition patterns and suspended sediment concentrations throughout the water

column,
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Figure 1. Location of homeport.
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PART 1I: THE NUMERICAL MODEL, DIFID
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Description th

S,

4, DIFID was developed by Brandsma and Divoky (1976) for the US Army Efgf
Engineers Waterways Experiment Station (WES) under the Dredged Matertal ;E&
Research Program. Much of the basis for the model was provided by earlier =

Y
«

model development by Koh and Chang (1973) for the barged disposal of wastes in

the ocean. Thst work was conducted under funding by the Environmental Protec-
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tion Agency (EPA) in Corvallis, Oregon. Modifications to the original model
have been made by Johnson and Holiday (1978) and Johnson (in preparation).

5. 1In the simulation of a bottom dump barge disposal operation, the
behavior of the disposed material is assumed to be separated into three phases:
convective descent, during which the dump cloud falls under the influence of
gravity; dynamic collapse, occurring when the descending cloud impacts the
bottom and long-term passive dispersion, commencing when the material transport
and spreading are determined more by ambient currents and turbulence than by
the dynamics of the disposal operation. Figure 3 illustrates these phases.

6. During convective descent, the dumped material cloud grows as a
result of entrainment and may descend at a velocity exceeding 10 fps. The
model assumes that none of the dumped material is lost to the water body dur-
ing this phase. (This assumption is supported by dredged material disposal
monitoring in the lower part of Grays Harbor in 1982, in which no increase in
suspended sediment concentrations were observed within the water column at a
station located 1000 meters from the dump site.* The fact that nothing was .
detectable indicates that loss to the water column during descent was minimal).
Eventually, the material reaches either the bottom or a neutrally buoyant posi-
tion in the water column. In 100 ft of water, the convective descent phase for

typical maintenance material is completed in a few seconds after dumping. How-

ever, in 800 ft of water, the convective descent is computed to last about

2 minutes. When the vertical motion is arrested, a dynamic spreading or col-

".:

lapse in the horizontal direction occurs.

7

* Personal communication between Mr. Dave Schuldt, Corps of Engineers,
Seattle District and Dr. James Phipps, Dept. of Geology-Oceanography, Grays
Harbor College, March 1986.
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7. The basic shape assumed for the collapsing cloud in the water column
is an oblate spheroid. For the case of collapse on the bottom, the cloud takes
the shape of a general ellipsoid which is several hundred feet in diameter. A
frictional force between the bottom and the collapsing cloud is included at
this point in the simulation., After approximately 10 minutes, when the rate
of horizontal spreading or vertical collapse in the dynamic collapse phase
becomes less than an estimated rate of change due to turbulent diffusion, the
collapse phase is terminated and the long-term transport-diffusion begins.
During the collapse, the model requires that the settling velocity for each
solid fraction (sand, clay/silt, wood chips, clumps) be specified. In many
cases, a significant portion of the material remains in "clumps" that may have
a settling velocity of perhaps 1 to 5 fps. This is especially true for the
Puget Sound area, where much of the dredging is done by clamshell, and can be
true in the case of hydraulically dredged material if consolidation takes
place in the hopper during transit to the disposal site. As these particles
leave the main body of material, they are stored in small clouds that are
assumed to have a Gaussian distribution. The small clouds are then advected
horizontally by the imposed current field.

8. During this diffusion phase, which lasts approximately S0 minutes,
the clouds grow both horizontally and vertically as a result of turbulent
diffusion.

9.. Throughout the simulation, settling of the suspended solids occurs

at each grid point of the model, and the amount of solid material deposited on

the bottom and a corresponding thickness are determined. The model assumes

b

[ that no subsequent erosion of material from the bottom occurs.

t Required Input Data

| _

E 10. The required input data to DIFID can be grouped into (a) a descrip-
tion of the ambient environment at the disposal site, (b) characterization of

t the dredged material, (c) data describing the disposal operation, and (d) model
coefficients.

l11. The first task is that of constructing a horizontal grid over the
t disposal site. The mccel grid used in this study is shown in Figure 4. The
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!35 ambient conditions imposed on the grid model for these tests were represented fii
3; by a constant density and, with the exception of run #7, a depth-averaged time
invariant current velocity.
ta 12. Although the model has the capability to handle dredge material com-
?S posed of as many as 12 fractions, the dredged material for these.tests was
'::: characterized by three solid fractions. For each solid fraction, its concen-
tration by volume, density, fall velocity, voids ratio, and an indicator as to
~ whether or not the fraction is cohesive must be specified. In addition, the
;?E bulk density and aggregate voids ratio of the material must be prescribed.
Eﬁ; The bulk density is the density of the slurry in the barge. The aggregate
voids ratio is actually a bulking factor used to convert the mass of deposited
‘E:: material to a thickness of deposition.
iﬁ; 13. Disposal operations data required include the position of the barge
f; on the horizontal grid, the volume of material dumped, and the loaded and
i. unloaded draft of the disposal vessel.
road

14. There are 14 model coefficients in DIFID. These required coeffi-

cients include entrainment coefficients, drag coefficients, and turbulent dis-

e
ALISI

persion coefficients. Default values that reflect the model developer's

ll

judgment are contained in the code. Computer experimentation such as that

o
11

presented by Johnson and Holliday (1978) has shown that results appear to be

s A
‘e

Pl ol

fairly insensitive to many of the coefficients. The most important coeffi-

cients are drag coefficients in the convective descent and collapse phases as

RO AS

well as coefficlents governing the entrainment of ambient water into the dredge

~

material cloud. The values selected for the convective descent entrainment and

-
»

NS

-~

drag coefficients in this study were based upon experimental work done by

* _';_‘r

Bowers and Goldenblatt (1978) and upon a limited verification of DIFID using

t

field data from the Elliott Bay/Duwamish disposal operation.
15. Model limitations should be considered in the interpretation and use

a1,
s

of model results. These limitations include: (a) limited knowledge of appro-

A (l)ll. ? &

-
a‘a%s
P S T B N
LT

priate values for the various model coefficients, (b) imprecise specification
of settling velocities for the dumped material, (c) representation of real
;;ii disposal operations in an idealized fashion. A detailed description of the
- theoretical éspects of DIFID is given by Brandsma and Divoky (1976).
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Elliott Bay Application

Bokuniewicz et al.(1978)

16. During February 1976, personnel from Yale University,Yunder contract
to WES, collected data during a series of barge disposal operations at the
Duwamish disposal site in Elliott Bay near Seattle, Washington. The dumps were
made from a 530 cubic yard barge and the material possessed an average bulk
density of 1.50 g/cc with the solid material being composed of 55 percent silt/
clay and 45 percent sandy material.. Although the data collected for comparison
with computed results from the dredged material model were very limited, it is
believed that verification of the model using field data in an area physically
near the current disposal areas of interest lends credibility to model results
in these areas.

17. When attempting to apply the dredged material models to real dis-
posal operations, a basic problem is that of determining how to apply the
models so that an actual operation can be represented by the idealized methods
of disposal considered in the models. For example, there are no dredged mate-
rial disposal operations in which all of the material leaves the disposal ves-
sel instantaneously. However, for the case of a barge dump such as that made
at the Duwamish site in Elliott Bay, all of the material normally leaves faijrly
quickly., If the water depth is sufficiently large, such a dump resembles a
hemispherical cloud falling through the water column by the time the bottom is
encountered and thus can be adequately modeled by the instantaneous dump model.

18. Upon release of the material during the Duwamish site disposal
operation, a time of 25 seconds was observed for the leading edge of the dis-
posal cloud to strike the bottom at a depth of 197 feet. With the convective
descent drag coefficient increased from its default value of 0.5 to 1.0, the
model computed a time of 23 seconds. The speed of the front of the bottom
surge at 160 feet from the point of the dump was recorded to be 20 cm/sec.

With an increase in the drag coefficient in the bottom collapse phase from 1.0
to 1.5 and a bottom friction coefficient of 0.06, the simulated rate of spread-
ing of the cloud on the bottom was computed to be 22 cm’/sec. During field
monitgring. suspended solids data were recorded at 3 feet above the bottom at

a point 300 feet downstream of the dump point, At 600 seconds after the dump,

the recorded suspended sediment concentration was 64 mg 'l. The corresponding

s

computed concentration from the dump model at the same location and time was -
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75 mg/l. These results were obtained with the vertical diffusion coefficient

for a well-mixed water column computed from:

2 2
AKYD = 8.6 x 1073 94-%‘—'—51—
H
where
AKYO = Vertical diffusion coefficient

(=]
[}

Ambient velocity, fps’
Z = Yater depth at which the value of the coefficient 1is desired, ft
H = Total water depth, ft
19. The ambient current near the bottom of the Duwamish site was 0.3 fps
and the water depth averaged 197 feet. All coefficients.other than those
discussed above retained their default values. |
20. Proper material characterization is extremely important in obtaining
realistic model predictions. The results discussed above were obtained by
assuming that 30 percent of the clay/silt consisted of clumps, 65 percent floc-
culated as cohesive material and the remaining 5 percent retained individual
particle characteristics with a settling rate of 0.0025 fps. The use of con-
solidated clumps is consistent with the field observations of the Yale group.
21. In summary, the disposal model does not precisely describe the
detailed structure of the impact and subsequent bottom surge observed during
the field studies. However, with proper material characterization and selec-
tion of values for the more sensitive model coefficients, the lateral spread
and suspended sediment concentrations can be reasonably estimated by the

disposal model,
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PART I1I: TEST PROGRAM AND RESULTS
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Test Conditions for Contaminated Material Disposal

Grid size
22. The model grid used for all tests is shown in Figure 4, which

represents an area of 4,600 by 4,000 ft. Each grid cell represented an area =
of 200 by 200 ft. The grid was oriented with its horizontal axis approximately R
parallel to the bottom depth contours. 2;3:
Dump size lf;ﬁ

23, The dump size used in all simulations was 4,000 cu yd. g
Duration of simulations ' f}fa

24, The duration of each test simulation was 3,600 sec (1 hour) after fkff

the barge dump.
Dump spot .
25. The location of the dump spot is shown in Figure 4.
Model coefficients
26. The model coefficients used in these runs were established from the

original - >del development and from the Elliott Bay/Duwamish disposal site
application,
Ambient currents

27. Depth-averaged current speeds of 0.1 fps and 0.5 fps were used. A
single bottom dump simulation was run with a two~layer velocity profile pro-
vided by a Navy subcontractor. The upper layer extended from the surface to a
depth of 120 feet and was assigned a current velocity of 0.19 fps toward
125 degrees. The lower layer extended from 170 to 265 feet and was assigned a
velocity of 0.16 fps toward 286 degrees. The velocities in the transition
layer between 120 and 170 feet varied linearly between those in the upper and
lower layers.

Material type

28. The material tested consisted of 22 percent fine sand, 25 percent
wood and 53 percent clay/silt. Bulk density of the material was 1.25 gm/cc
’ and the water content was 250 percent. The clay/silt fraction was modeled as

cohesive material. A fourth fraction, clumps, was modeled as a 30, 50 or

70 percent composite of wood, sand and silt/clay.
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Dump methods
29. Two dump methods were modeled, a bottom dump disposal at the surface

and a disposal through a vertical pipe extending 250 feet below the surface.

Test Results

Bottom Dump Disposal

30. Results from the model tests are shown as deposition patterns in
Plates 1| to 7. These deposiiion patterns demonstrate the predicted extent and
thickness of material deposited from a single 4,000 cu yd disposal operation
for the portion of the dumped material which had deposited after 60 minutes.
Suspended percentages aft%gkza minutes for each simulation are shown in
Table 1. The deposition of material (solids volume) predicted by the model is
converted to thickness of deposition by the use of an aggregate voids ratio.
The equation used by the model to convert solids volume deposited to thickness
of deposition (Brandsma and Divoky, 1976) is

1 + AVR
TH AREA x VOL

where
TH = average grid cell thickness (ft)
AVR = aggregate voids ratio
AREA = grid cell size (200 x 200 ftz)
VOL = solids volume (cu ft)

Vertical Pipe Disposal

31. Basic assumptions in this disposal operation are

a. A 10 ft diameter pipe will extend 250 feet below the water
surface.

b. A total load of 4000 cubic yards of material will be dropped
into the pipe at the rate of 10 cubic yards per minute.

c. The ambient velocity near the bottom was specified to be either
0.1 or 0.5 feet per second.

d. The disposed material has a bulk density of 1.25, a voids ratio
of 0.8 and is composed of 22% sand, 25% wood chips and 53%
silt-clay.
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Table 1

Suspended Sedimen.t Percentages After 12 Bour for Bottom Dump Disposal Q‘

Suspended  Fractions )

Current Clump |

Speed Factor Sand $11t-Clay Wood Composite -
Run # (fps) (2) (%) (2) (2) (2)
1 0.1 0 3.4 2.2 0 » 1.9
2 0.5 0 12.7 3.5 0 4.6
3 0.1 30 3.3 2.3 0 1.9
4 0.5 30 10.7 3.6 0 4.3
[ 0.1 50 3.2 2.4 0 2.0
6 0.1 70 2.8 2.6 0 2.0
? stratified 0 3.4 2.2 0 1.9

(0.2 max.)

22 0.1 0 6.5 4.1 0 3.6

Suspended Sediment Percentages After 1 Hour for Bottom Dump Disposal

Suspended Fractions
Current Clump
Speed Factor Sand Silt-Clay Wood Composite
Run # (fps) (2) (2) (%) (2) (2)

1 0.1 0 0.7 2.0 0 1.2

2 0.5 0 3.6 2.0 0 1.9

3 0.1 30 0.8 2.1 0 1.3

4 0.5 30 3.1 2.1 0 1.8

5 0.1 50 0.8 2.2 0 1.3

6 0.1 70 0.8 2.3 0 1.3
N ? stratified 0 0.6 2.1 o] 1.2

9:33: (0.2 max.)

o) 22 0.1 0 1.1 3.9 0 2.3
%

v 11




32. The initial effort in numerically modeling this disposal operation

involved an attempt to modify the semi-continuous model, DIFHD, under the

assumption that the operation should be treated as a continuous surface source
with a "feeding" of material into the bottom collapse phase from material pas-
sing through the end of the pipe. This effort was discontinued after realizing

that such an approach would likely yield an unreasonably large lateral spread

of material on the bottom. This large lateral spread would be caused by an

extended bottom collapse phase which would last the full 400 minutes required

to complete the disposal operation.

33. Since the disposal operation is actually a series of small
instantaneous dumps, it was decided to employ the instantaneous dump model,
DIFID, with a superposition of results to yield the final deposition pattern
on the bottom. This was accomplished through a series of 8 individual model

runs. Results from each run were then used to represent 50 drops of 10 cubic

yards each with all 8 runs representing a single 4000 cubic yard barge-load.
34. At the end of the first run (50 drops) the material was deposited

in a circular pattern with a radius of approximately 23 feet. At the end of

this run it was assumed that the thickness of the bottom deposit, computed

from

TH = lﬁE!g£2§ (Total volume of solids)
R in 50 drops

would decrease to 757 of its value due to consolidation. At the end of the
next 50 drops the thickness of the previous 50 drops would decrease another
25Z. The first seven runs of 50 drops each were consolidated twice in this

manner with the last run being consolidated once.

35. Once the deposition pattern for the first 50 drops was established,

DIFID was rerun, but with a nonzero bottom slope determined by the thickness

of deposit and the bottom spread. This resulted in a greater spread of mate-

rial on the bottom for the second run. Although the numerical model cannot
simulate the actual flow of material down the sides of a bottom mound, this

approach seems reasonable as an attempt to simulate the effect of the mound.

This same procedure of consolidating the previous 50 drops, determining a
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 }¢§ bottom slope and rerunning the model was carried out 8 times to represent a {i
,:gi total of 400 drops (4000 cubic yards) of material through the pipe.
W 36. It should be noted that no entrainment was allowed in the convec- ii
ét’: tive descent phase since the radius of a 10 cubic yard hemispherical cloud 1is

?xﬁ: 5.05 feet, i.e., approximately the radius of the pipe. In reality, some

. ng entrainment would actually occur, resulting in an elongated shape for the

o cloud falling through the pipe. However, a basic assumption of the model is

N that the material falls as a hemispherical cloud in the convective descent

ii& phase. Modifications to change this assumption were beyond the scope of this

‘$E: study. With these limitations, the basic effect of the pipe was to translate

ol the disposal from the surface to the end of the pipe with the cloud now pos-

&%w sessing a computed descent velocity.

s: ) 37. Results from the vertical pipe disposal operation are presented in

%ﬁf Table 2. As illustrated in Plate 8, the final deposition of material on the

bottom is contained within a radius of approximately 50 feet from the end of

X N the disposal pipe. The maximum thickness is computed to be approximately

‘S? 3.5 feet under the pipe with a gradual tapering of the bottom thickness to X
?§:§ about 1 foot at the outer boundary of the deposited mound.

N 38. These results hold for both velocity conditions, 0.1 and 0.5 feet
::t: per second. Since the méferial is subjected to ambient current conditions for
::k: only 15 feet of descent to the bottom, displacement of the cloud during descent

:i; is insignificant. Once the bottom collapse phase begins, the ambient current

:: . does transport small clouds as they are formed. However, since settling takes
;:§$ place during each time step in the model before the transport, material from

gy{% these runs was always deposited on the ocean floor before it could be trans-
~::q ported by the current. Remember that no erosion of material deposited on the

e, bottom is allowed in the model. The only other way that the ambient current
fﬁ?f can influence model results i3 through its effect on the estimated rate of J
iiij vertical diffusion, which can sometimes be the deciding factor in terminating

jft? the collapse phase. However, neither current condition was large enough to )
G influence the collapse termination in these runs. Therefore, the results
f}éi presented hold for both current conditions tested.

.-"-"

S

S
o

4
fﬁ’fﬁ :
'4:1 13
=

R S A S N %




FTETY ~ v N
e Ada Sbe Ate Abe il St e A%8 ks Mo At le gie Al Bk g Bub ftel Sth flin Sl S el @ A ML A A AR A i ARl A BN R A RS B A AR Al Al

Table 2 \—'-

o~

Deposition Amounts for Vertical Pipe Disposal \
N

After Thickness, feet at Radius (R) from Pipe .
Dumps_# R=23 ft R=36 ft Re=43 ft R=49 ft  R=52 ft Bt

50 1.63 - - - - ooy
100 1.88 ©0.66 - - - R
Ty

150 2.18 0.96 - 0.46 - -

200 2.41 1.19 0.69 0.34 -

250 2.66 1.44 0.94 0.59 0.33 g

300 2.91 1.69 1.19 0.84 0.58 I;;‘

350 3.16 1.94 1.44 1.09 0.83 oy

400 3.41 2.19 1.69 1.34 1.68 ot d
008
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X Limitations

\- ‘- -
Y

ot
-7 39, Factors which affect the required disposal area size, but which are
TN not addressed by the model include:

o~ .
i?F a. The model treats each of three sediment fractions, (sand, )
N { clay/silt, and wood chips), separately. Model results indicate 3
o that the sand fraction had the longest settling time. In the

actual disposal process, as the clay/silt particles flocculate

ey and fall through the water column, with a settling velocity .
e greater than that attached to the sand fraction, they will
 fn: probably entrap and carry a significant portion of the fine 5
j {: sand to the bottom more rapidly than depicted by the model. -
Y

T b. The ability of the model to accurately portray the material fate

decreases as the percent of material in suspension decreases and -

s as the time into the simulation increases. At the point where -
:3i the percent suspended becomes less than perhaps 2% and the time .
O exceeds perhaps 3,600 seconds, other uncertainties such as how
;2@2 much material dissocilates from the cloud in the descent phase :

A and the influence of turbulent diffusion in the vertical become -
2 important factors that are not clearly understood.

fjij < If the contaminated material is assocliated primarily with
L:Jt clay/silt iraction, the area required for a CAD site may be
,ﬁﬁ: dictated by the range of this material rather than by the fine
A0 sand fraction which has the lowest settling rate and tends to
remain in near bottom suspension for the longest period of time.
'-:ﬁ d. In an actual disposal operation, the material leaving the barge
e may differ considerably from that being modeled. Factors such ‘L
<. as the relative quantities of the various fractions (sand, g
o clay/silt, wood chips) of material, water content, the percent
Lo of clumps, and time for the material to leave the barge, all
2, significantly affect the spread of material on the bottom. >
:{g Conditions assumed for the model represent a worst case
o (maximum dispersion) condition.
o ;
< Test Conditions for Capping Material Disposal
E '
iy
" Hydraulic discharge
",
i}ﬁ 40. The proposed Navy g;edging plan anticipates capping of contaminated N
Ot native N
o sediments with underlying V material. Samples of this native mate-
DR rial indicate that because the insitu water content is very low, the material
- A
2:1 mav be too dense to be useable as .a capping material. If a clamshell dredge \
- "Q'
D and bottom dump barge were used, large clumps of the uncontaminated material
AR
& would impact with the bottom at a high rate of speed, and could displace or re-
5:7 suspend the previously placed contaminated material. However, by hydraulically
L) L9 .
)
o .

15
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dredging the native material, a mixture suitable for use in capping can

be obtained. Twelve model runs were made to simulate possible methods of

depositing the capping material.
Dump methods

41. Three capping methods were simulated -- a moving surface pipe dis-
charge, a pipe discharge into a stationary 50 foot downpipe and a pipe dis-
charge into a stationary 150 foot downpipe. The diameter of the downpipe was
10 feet. All capping runs were made using a modified version of DIFID where a
capping operation is represented by a series of discrete clouds. Each cloud
settles through the water column at the average descent velocity as determined
from a normal application of DIFID to a single small cloud. As the series of

individual clouds settle they are transported by the ambient current and grow

as a result of entrainment. The radids of the cloud is determined from
R=R 4+a D
fe) m

where

Ro = Initial radius, ft

D = Distance from release point, ft
and a, is an entrainment coefficient determined from figure 5. For the mate-
rial used in these runs a value of 0.3 was selected.
Grid size

42. The model grid use for all tests represented an area of 2000 by
2000 feet. Each grid cell represented an area of 100 by 100 feet.

Duration of simulation

43, The duration of each simulation was 3,600 seconds (1 hour) after
f initiation of the capping operation.

Discharge rate

4 44, Pipe discharge rates of 20, 30, 40 and 50 cubic yards per minute
were simulated for each of the three dump methods. Bulk densities for the
\ material discharged at these rates were 1.25, 1.1833, 1.1167 and

1.05. respectively.

Dump spot
4 45. The dump operation for the confined surface discharge consisted of

a 1400 foot "sweep" down the center of the grid, top to bottom. This sweep

was intended to simulate a capping operation with a moving surface pipe

16
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k;i discharge. The pipe moved across the water surface at 0.5 fps, traversing a ;
%3& 1400 foot path in approximately 2800 seconds. The effective discharge radius ‘
S after hitting the scatter plate at the end of the discharge pipe was assumed :
%;é to be 20 feet. |
JEﬂf 46, The 50 and 150 foot downpipes were stationary and were located at ,
l;z&: the center of the numerical grid. The radius of each discrete cloud was taken ;
i as the pipe radius with the insertion location of each cloud being the end of
f', the pipe.
}33; Model coefficients
.{E“ 47. The model coefficients used in these runs were the same as those v

used in the contaminated material disposal runs. These coefficients were

i established in the original model development and during the Elliot Bay/ 3
:Eiz Duwamish disposal site application.

%) Ambient currenis .

48. A depth-averaged current of 0.1 fps with an assumed direction from
SE to NW was simulated.

Material type

49. The uncontaminated capping material consisted of 30 percent fine
sand and 70 percent silt/clay. This material was modeled as a single cohesive =
fraction with no clumps. The capping modifications made in DIFID allow for

only one material fraction. ;
Test Results

Confined surface discharge

50. Results from the model tests are shown as deposition patterns in

Plates 9 through 12. These deposition patterns demonstrate that for a confined

surface discharge the majority of deposition occurred within a 300 foot wide

s
v

= swath along the line of movement of the discharge pipe. Maximum cap thickness
:Ej for a single pass of the surface discharge pipe was approximately 0.09 feet at
\ | the 30 cy/minute discharge. A one-foot thick cap would be generated within
:i:: approximately 11 passes, or 8.6 hours, Suspended percentages after 60 minutes
‘:fﬂ for each simulation are shown in Table 3. Suspended concentrations at 4 points
SN
LN in the water column for each simulation are shown in Tables 6A~6C. Bottom
o 1
, impact velocities of the disposed material are shown in Table 5.
Pl
o
’..4'.
<0,
/.‘c'_
ﬁ[i. 17
A
Xy
"."‘.,‘.; ."'-:_:.j,:.‘:-;‘-;:.; . ,'&, q"ﬂ(\- _-."' Y \.J‘x < ‘J"" ‘-'("u':;"} : .r DRSS _', ; ‘; "'.'_.:.‘:‘.‘;*.‘_:-.i-.‘:\’;\'_:'.:;:-‘_'_ ..‘:,:.;-.':\::t.::~.::\‘--."\j\“'_-‘ﬁ\-




il s s e 4 a4 e e s g ala ag

(Taken From Krishnappan, 1975)

e

Graph representing !

102
[Ys pD¥/ 2]




a4 a 2 2 &
t el B B 3
LA

39

o

. s f
xSl

KN

RN
SOSOREN o

-

&

RS
I‘A.’.l

WS

*

)
\
y
1
\
4
v

Stationary downpipe discharge

51. Results from the model tests are shown as deposition patterns in
Plates 13 through 20. For the 50-foot downpipe runs a maximum ch thickness
of 1.8 feet was generated within a radius of less than 100 feet from the center
of the downpipe. For the 150-foot downpipe runs the maximum cap thickness was
2.0 feet. These results indicate that a l-foot cap would generated after
approximately 30 minutes. Suspended percentages after 60 minutes for each
simulation are shown in Table 3. Suspended concentrations at 4 points in the
water column for each simulation are shown in Tables 6A-6C. Bottom impact
velocities of the disposed material as determined from a normal application of

DIFID to a single small cloud are shown in Table 5.

Extension to Multiple Dumps

52. The dump model predicts the area of deposition for the disposal of
one barge of dredged material. It does not simulate the effects of mounding
or settlement, and cannot be used to predict the size and shape of the disposal
area after a large amount of material has been deposited. An estimate of the
final configuration of the disposal mound was made based on previous field mea-
surements of mound slopes by the New England Division of the Corp of Engineers
at other disposal sites. Since the proposed dredging plan extends over two
dredging seasons, the sequence of dredging operations was taken into considera-
tion. This sequence includes initial placement of a relatively small amount
of contaminated material and immediate capping with uncontaminated material.
After approximately 9 months, a much larger amount of contaminated material
would be disposed at the same site and immediately capped with a large quantity
of uncontaminated material.

53. Because the exact amounts to be dredged in each sequence were not
known as this report was being prepared, an example scenario {s presented in
which representative quantities are used for each portion of the dredge/
disposal sequence. Figure 6 shows the predicted disposal mound configuration.
Basic assumptions are:

5.‘ In situ initial dredging of contaminated material of
100,000 cubic yards, (density 1.25 = 15% solids).

b. In situ initial dredging of uncontaminated material of
500,000 cubic yards, (density 1.88 = 507 solids).

18
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Suspended Sediment Percentazzzlifiet 1 Hour for Capping Runs
(Discharge, cy/min) 20 30 40 50
Cappiuethod
Contained Surface 11.1 9.4 15.5 32.0
S0' Dowunpipe 3.7 4.2 10.9 26.3
150' Downpipe 0.5 0.4 1.6 9.3

19
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Table 5
Bottom Impact Velocities (in fps) for Capping Material

(Discharge, cy/min) 20 30 ' 40
Capping Method
Contained Surface 0.46 0.47 0.41
50' Downpipe 0.63 0.64 0.57
150' Downpipe 1.09 1.09 0.94
21
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Table 6A

Suspended Concentrations (mg/g¢) for Contained Surface Discharge

Discharge :
Rate (cy/min) (Depth, feet) 15 95 175 255
20 - - - 31.8
30 - - - 42.4
50 - - - 31.8
Table £B
Suspended Concentrations (mg/t2) for 50-foot Downpipe
Discharge
. Rate (cy/min) (Depth, feet) 15 95 175 255
i 20 - 15.4 63.6 18.6
) 30 _ 0.3 23.3 92.8 26.5
Z 40 . 2.7 95.4 265.0 79.5
oY 50 6.6 103.4 214.7 63.6
B
N
o Table 6C
. Suspended Concentrations (mg/g) for 150-foot Downpipe
b,
by "“ischarge
Rate (cy/min) (Depth, feet) 15 95 175 255
1,
=j .20 - - 0.7 -
o 30 - - 0.5 3.7
‘&
! 40 : - 1.6 4.5 1.3
50 0.6 7.2 12.2 3.7
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In situ final dredging of contaminated material of 800,000 cubic
yards.

In situ final dredging of uncontaminated material of

1,500,000 cubic yards.

. Average bottom slope = 1:50 to the south.

{0

e

e

f. Mound assumes a truncated cone shape with maximum side slopes

~  of 1V on 1008 relative to bottom, (i.e. 1:30 on downslope side).

B- Initial voids ratio of 4.5 for both contaminated and uncontami-
nated material after placement in the disposal mound.

h. Clamshelled contaminated material with surface dump from barges.

i. Hydraulically dredged capping material with uniform surface
disposal using scatter plate.

j- Invariant disposal location for contaminated material disposal
(point dumping using taught-line buoy).

k. Top of truncaced cone will be approximately equal in radius to
the area of deposition of the contaminated material.

1. Ultimate consolidation of 50 percent for both contaminated and

uncontaminated material in mound after disposal.

Calculations for long-term mounding are as follows:

For initial disposal - 100,000 cy contaminated material with bulk
density 1.25 (157 solids).
vol of solids = (15%) (100,000 cy) = 15,000 cy = 4 x 10° ft
Vb = vol occupied on bottom = (1 + voids ratio) (vol of solids)

= (1 +64.5) (4 x 10° ££3) = 2.3 x 10° f¢

3

3

R nr’h
vm = mound vol = vol of truncated cone = L 3 " 153‘ = Vb

r = 500' (radius of mound top from model runs)

L
100

height of cone without truncation

§%
-
[ ]

5' (top portion of cone that is missing)

o , R = radius of cone base = 100H
; ¢ - TREH 1 (500 £002 (5 £6) L, L 106 g
m 3 3 X
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e
N oH) 2 6, 3 6
A - 3 00Ty 3 ¢ O8ed - 2.3 x 10% €03
- 3
T H = 364 feS
ii:
s H= 7.0
Fae . R = 100 H = 700’
b
N
W H =H-ha=2.0, therefore mound is 2.0 ft high.
W mound
\ For initial cap - 500,000 cy uncontaminated material bulk density 1.88
3 (502 solids)
%)
N vol of solids = (50%) (500,000 cy) = 250,000 cy = 6.75 x 10° fe> .
’f Vb = Vol occupied on bottom = (1l + voids ratio) (vol of solids) N
< = (1 +4.5 (6.75 x 10%) = 3.7 x 107 £c? _
28 s
- plus previously placed material = 4.06 x 107 ft3 "
;ﬁf using previous procedure, H3 = 4,00 x 103 ft3 .
) H=16.0 ft, R = 1600'
o
"'- e
A\ Truncated cone height = H - 5' o
16" - 5" )
. =11'
,?I :
_ f For 9 mos settlement, assume based on field experience o
"E 50%%consolidation. Cap thickness after R
9 mos. = (0.50) (11') = 5.5'" ~6' with a volume of 2.3 x 107 ft3
- %
~ 13
C: Mound height calculations for the final disposal of 800,000 cy contaminated

material (bulk density 1.25, 157 solids), and cy of uncontaminated capping .

material (buik density 1,88, 507 solids) are carried out in a similar manner.
d

{ / "
; Results of these calculations , adjusted for 1:50 bottom slope,are shown on fig 6. ¥

L) .

:'i 54. Assuming 502 of consolidation for newly-disposed material, new mound *

1 thickness is now approximately 12 feet, with a cap thickness of approximately I
3 J

4 feet. u

S
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MOUND =2 WITN CAP
ODIAMETER = 4800 FT %

DOWNSLOPE
DIRECTION

MOUND =1 WITH CAP
OIAMETER = 3000 FT 2
e —

s

CONCEPTUAL PLAN VIEW

NOTE. VERTICAL SCALE FOR MOUND LAYERING
GREATLY EXAGGERATED. LAYERING SHCWN
FOLLOWING CONSOLIDATION.

i 4800 FT ¢
1 3000 FT ¢

-

* BOTTOM SLOPE = 1V ON 50H LEGEND
SHOWN TO SCALE 2] CONTAMINATED MATERIAL

(] cAPPING MATERIAL

CONCEPTUAL CROSS SECTION A-A

Figure 6. 1031 dispesal mound co-figuration.
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Conclusions

General conclusions from the modeling are:

More than ninety-eightpercent of the disposed contaminated mate-
~  rial will deposit within one hour -for all conditions tested.

The disposed contaminated material will deposit within an area
of 800 by 1000 feet with a maximum thickness of approximately
0.60 feet for a single 4000 cubic yard barge of materfal. If a
250 ft long by 10 ft. diameter downpipe is used, the area of
deposition is approximately 50 feet in radius with a maximum
thickness of approximately 3.5 feet.

b. More than ninety percent (at a discharge rate of 30 cubic yards
per minute) of the disposed capping material from
each sweep of the confined surface discharge will deposit within
an hour. The swath of deposition with be less than 300 feet
wide with a maximum thickness of approximately 0.09 feet. Bot-
tom impact velocities will be less than 0.5 feet per second.

€. More than ninety-five percent (at a discharge rate of 30 cubic
yards per minute) of the disposed capping material from the 50
and 150 foot stationary downpipe capping operations will deposit
within an hour. The area of deposition will have a radius of
less than 100 feet with a maximum thickness of approximately
2.0 feet., Bottom impact velocities will be less than 1.l feet

per second.
d. Long-term disposal of 600,000 cubic yards of material (100,000
contaminated and 500,000 capping ) in the first dredging
season and 2,300,000 cubic yards (800,000 contaminated and
1,500,000 capping ) in the second dredging season will
generate a disposal mound with a final radius of approximately
3500 feet long and 2400 feet wide, with a side slope of approx-
imately 1V on 30 H and a cap thickness of approximately 4 feet.

Limitations of the numgrical model DIFID and the various assumptions that have
been made in modeling the various disposal operations have been discussed.
These should be taken into proper account when the works and practices that may

depend upon the results of this study are planned.
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Introduction

The East Waterway within the Port Gardmer region of Puget Sound has'
tentatively been selected as a new homeport by the U.S. Navy. Construction of
the facility will require dredging of the East Waterway and the possibdble
disposal of dredged materials at a deep-water site in Port Gardnmer.

The U.S. Navy in conjunction with the U.S. Army Corps of Engineers (COE)
has provided funds to the University of Washington School of Fisheries to
conduct trawling studies of the proposed disposal site with special emphasis

on Dungeness crabs, Cancer magister, commercial shrimp and bottomfish

resources.
This report summarizes the preliminary findings of the third set of trawl
cruises conducted in Port Gardner during June, 1986 and compares these data to

that collected during the February and April, 1986 cruises.

Methods

The methods, trawl gear and sample stations were described in detail in
the winter and spring cruise reports (Dinnel et al. 1986a, b) and remain the
same except for the following two additions: 1) four additional beam trawl
stations (A, B, C, D; Figure 1) were added just west of the proposed Navy
Disposal Site to increase the sampling coverage in this region; and 2) three
trawls were made along the 60 m contour north of Port Gardner and offshore of
the Snohomish River delta, Mission Beach and just north of Tulalip Bay (see
Fig. 6 in the Results section for station locations) to help define the
northward range of the female Dungeness crab concentrations observed in Port
Gardner.

Briefly, crab and shrimp were sampled at 59 stations in Port Gardner with

a 3-m beam trawl (Figure 2, top). A subset of 18 of the beam trawl stations
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Figure 2. Diagrams of the beam trawl (top) and otter trawl (bottom) Rt
used in this study.
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(Figure 1) were also sampled for bottomfish with a 7.6 m otter trawl (Figure

2, bottom).

Results

Dungeness Crabdb

The average density of Dungeness crab calculated frpm all (excluding the

new stations) beam trawls in Port Gardner during June was 114 crabs/ha, a
value intermediate to the February (126 crabs/ha) and April (85 crabs/ha)
average densities. Individual station densities ranged from O to 918 crabs/ha
(Appendix Table 1). Average crab densities (crabs/ha + 1 standard deviation;
n = 3 in each case) at the Navy and control sites in Port Garduer in June
were:

Navy Disposal Site = 502 + 103

Control Site 1 = 0+0

Control Site 2 = 0+0
The highest c'ab densities occurred in and near the Navy Disposal Site (Navy
Site + Transects ! and 6) and to the northwest of the Navy Site (north end of
Transect 7) (Figures 3 and 4). Both the spatial and depth distributions of
Dungeness crab in June were gimilar to the patterns observed in February and
April except that the males tended to be slightly deeper on the average.
Generally, both male and female crabs were caught along the nearshore slope
from Mukilteo to the Snohomish River delta (Figures 3 and 4) and continued to
be rare in deeper areas (i.e. >100 m depth) of outer Port Gardner. Depthwise,
the highest densities of female crab were in the 20 m to 100 m range with peak
densities at 80 m (Figure 5). The depth distribution of males was fairly
uniform between depths of 10 m to 100 m, a change from the two previous

geasons where males were rarely caught below 40 m. Again, males were
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relatively scarce compared to the females which comprised 91% of the Dungeness

AR

cradb catch. Less than 1% of the females were gravid and approximately 4% of

€ ¢

both male and female crabs had shells that were either soft or very soft which

is indicative of recent molting.

YTyl

The average density of Dungeness crab at the four new stations (A, B, C,
D; Figure 1) established just west of the Navy Disposal Site at depths of 90 m ﬁ
By

to 110 m was 42 crab/ha (all females; Appendix Table 2). This average density

» T el R RV AN R ¢

is substantially lower than the average density of 502 crab/ha within the Navy :;é‘

- Disposal Site at a depth of 80 m.

5 Three additional trawls at the 60 m contour north of Port Gardner

- indicated declining numbers as stations occurred northward, decreasing from
243 crab/ha off the Snohomish River delta to 19 crab/ha north of Tulalip Bay

N (Figure 6; Appendix Table 2).

E The otter trawl used for bottomfish also caught Dungeness crab but, as in

. the past, was again much less efficient at catching crabs than the beam trawl.

- The average density of crabs calculated from the 18 otter trawl stations was 4

p crabs/ha versus 102 crabs/ha for the beam trawl at these same locatioms; an

efficiency factor of 25.5 times less for the otter trawl in June. The

densities of crab as determined by each type of trawl gear for the Navy and

%‘ control sites are shown for each season in Figure 7. Crab densities

calculated from otter trawl catches are itemized for each of the 18 stations

trawled in June in Appendix Table 3.

: Shrimp

- Shrimp-were caught at only 19 of the 55 regular beam trawl stations in

Port Gardner during June, down from 38 and 26 stations in February amd April,

X

respectively. The average density of shrimp for the 55 beam trawl stations in
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June was 30 shrimp/ha as compared to 123 and 19 shrimp/ha in February and “
~;t

3 . “
. April (Appendix Table 4). Shrimp sampled by the beam trawl were most abundant -
at 40 m to 80 m off Mukilteo and were primarily spot prawns (Pandalus o

.-\ T — v '.-
N "
N platyceros), followed by side-stripe (Pandalopsis dispar) and pink (Pandalus v

spp.) shrimp offshore of the East Waterway (Figure 8). As a function of
depth, shrimp were most abundant at the 40 m stations, a change from both uii
February and April vhen shrimp were most abundant at 80 m and 100 m, ‘

respectively (Figure 9).

o Relative shrimp densities in June at the three proposed disposal sites :%;
N again depended on type of gear. Both beam trawl and otter trawl catches of E&f
s} shrimp were very low at the Navy Disposal Site but varied by gear type at the ii:
y.. two control sites (Figure 10). The beam trawl caught very few shrimp at i:;
- either of the control sites while.the otter trawl catches generated estimates i}i
) of 117 and 80 shrimp/ha for Control Sites 1 and 2, respectively (Appendix lij
Table 4). The relative efficiency of the otter trawl for shrimp was :{.

;;- approximately 4.4 times greater than the beam trawl for the 18 stations ;E;
sampled by both types of gear (average of 10.6 vs. 46.3 shrimp/ha for beam and 'iﬁ

. otter trawls, respectively). HoJever, similar comparisons from the February Y
. and April cruises have not found any clearcut superiority of either type of :E;

L? gear for catching shrimp. EE:

Shrimp densities at the extra stations trawled in June (beam trawl oaly)
were low (42 shrimp/ha) at stations A, B, C and D west of the Navy Disposal S
K\ Site, zero at Tulalip station A and moderate (169 and 300 shrimp/ha) at N

Tulalip stations B and C, respectively (Appendix Table 5).

Bottomfish

"3

The average number of bottomfish caught at the Navy Disposal Site and the

DL
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two control sites in July was 170 fish/ha, down from 202 fish/ha in April and
773 fish/ha in February. The average biomass shows a different pattern with
28 kg/ha in June and 22 kg/ha in April, each down from 101 kg/ha in February.
The Navy Disposal Site had the largest number of fish caught (295 fish/ha,
down from 1514 and 434 fish/ha in February and April, respectively) as
compared with the two control sites (Fig. 11). A comparison of February,
April and June sampling showed that Control Site 1 had 401, 102 and 156
fish/ha, while Control Site 2 had 403, 68 and 60 fish/ha, respectively (Fig.
11; Appendix Table 6). The number of species caught at the Navy Disposal Site
declined from 14 for both February and April to 10 in June; however, Control
Sites 1 and 2, which showed marked reductions from February to April (11 and
16 in February, down to 7 and 7 in April), remained similar with 6 for each
site.

Biom;ss generally followed the same pattern as abundances. The Navy
Disposal Site was highest (5! kg/ha) followed by Control Site 1 (23 kg/ha) and
Control Site 2 (11 kg/ha; Fig. 11). This was the same pattern exhibited in
February and April except that absolute biomass fell from February to April
and rose in June.

Comparison sampling with the otter trawl and beam trawl indicated that
the otter trawl was a much better sampler of bottomfish than the beam trawl as
measured by species diversity, abundance, biomass and size categories sampled.

Internal and external examination of flatfishes for fin erosion, tumors,

parasites and liver abnormalities showed the fish to be in good health.

Discussion

Dungeness Crab

The- general distribution and densities of Dungeness crab in Port Gardner
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remained essentially unchanged from the two earlier sampling periods except
that a few more males were caught in deep water; i.e., average male density at
the 80 m Navy Disposal Site in June was 53 crab/ha versus 6 crab/ha in
February and April. Female crab densities contiﬁued to be highest in the 20 m
to 100 m range with the highest average densities at B0 m (Figure 5). Trawls
at four new stations just west of the Navy Disposal Site (stations A, B, C, D;
Figure 1) heiped to confairm the pattern of sharply decreasing crab densities
in the 90 m to 110 m depth zone. Trawls at three new stations north of Port
Gardner in the area of Mission Beach and Tulalip Bay suggest that female crab
densities gradually decrease with distance northward from Port Gardner (Figure

6).

Shrimp

Average shrimp densities in Port Gardmer remained depressed (30
shrimp/ha) as compared to the February densities of 123 shrimp/ha but slightly
increased from the 19 shrimp/ha observed in April. The highest shrimp
densities in June were again off Mukilteo (spot prawns) between 40 m to 80 m
depths.

Unpublished data have recently been obtained from Dr. Kenneth Chew of the
U.W. School of Fisheries which detail the results of shrimp trawls in a
variety of areas of Hood Canal and Puget Sound (including Port Susan just
north of Port Gardner) during the 1960's and 1970's. These data are presently
being analyzed to provide some perspective on the relative importance of

shrimp in Port Gardner.

Bottomfish

Bottomfish were most abundant at the Navy Disposal Site, moderately

e
Ml




i 18 .
_\‘:-:
] _~.:"w. . -
':xf: abundant at Control Site 1, and least abundant at Control Site 2. The same .
N pattern was true of biomass. These patterns were similar to the Pebruary and
-

April sampling period except biomass rose slightly in June. The continued
dominance of the Navy Disposal Site andAthe higher number of species with the
concurrent reduced measures at the Control Sites was not unexpected. The Navy
- Disposal Site is the shallowest of the three sites and previous atudies have
5ho§n similar results (Dinnel et al. 1986a, b; Donnelly et al. 1984).

The most abundant fishes (English sole, Parophrys vetulus; Dover sole,

Microstomus pacificus; slender sole, Lyopsetta exilis; Pacific hake,

R v '.

Merluccius productus; and ratfish, Hydrolagus colliei) remained the same

during all three sampling periods; however, abundances fell from February to

April and rose in some cases in June (Appendix Table 4). English sole

dominated all sampling periods at the Navy Disposal Site. The relative

e abundance of Pacific hake was high for all three sample periods, but the

& L .

biomass declined markedly from February to April and rose only slightly in

RS

;iéi June. Thus, only smaller (possibly young-of-the-year) individuals were i‘
{i‘: present during April and June. This lends support to the supposition that

‘éﬁf Pacific hake may be using the Navy Disposal Site as a nursery ground. A 1‘
‘Ezis nearby area (Port Susan) is known to be a spawning ground and supports a

'%;E: comnmercial Pacific hake fishery.

A0 D
b
:“l A-I a
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” Appendix Table 3. Dungeness crab densities per hectare calculated from otter .

~ "& trawl catches in Port Gardner in June and early July, N
N 1986.

Density/Hectare

1

__ Station Females Males All crabs
e Navy Site (80m)
o ‘
% Station 1 9 0 9
g Station 2 14 4 18 a
o
el Station 3 0 0 0 ‘
s 2
e Average . T+17 1 +2 9+9
. Control Site 1 (110m) ‘a
1“-.-
i Station 1 4 0 4
o Station 2 0 0 0 a
o Station 3 0 0 - '
23 Average 1+2 0 122 |
<.’
g Control Site 2 (130m)
v:::.: Station 1 0 0 0
D
AN Station 2 o) 0 0
:.rj
Y Station 3 0 _0 -9
'-f Average 0 0 0
P {\_|
"
7o Transect #1
N % _—
-u:x.’
W 20-5 0 0 0
40-5 0 4 4
o ?
T
O 100-M 18 4 22
A
X Average 6 + 10 3+2 9 +12
A0 Transect #2
;:;:E; 20-s 0 0 0
e 40-5 4 0 4
110-5 14 0 14
Average 6 + 7 0 6+7
o
U

-

N N O W A S S Ry
Wx Lo tr >y
880,07, ¥ A

i Wy



Appendix Table 3. (Continued)

All crabs

Station Females

Transect #4

20-5S 0 0 0

40-5 0 0 Y

b 145-5 _0 -9 -9

% Average 0 0 Y

Grand Average 4+6 1+2 4+ 7
Fo—

Station numbers for the transects indicate depth in meters plus
locations where S = south and M = middle.

2 Mean + 1 standard deviation.
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Appendix Table 4. Commercial shrimp densities per hectare calculated
from beam and otter trawls in Port Gardmer in June
and early July, 1986.

Density/Hectare
Station' Beam trawl Otter trawl
Navy Disposal Site (80m)
Station 1 19 9
Station 2 0 0
Station 3 0 4
Average . 6 + 112 4 +5
Control Site 1 (110m)
Station 1 0 228
Station 2 0 41
Station 3 _0 23
Average 0 117 + 148
Control Site 2 (130m)
Station 1 0 131
Station 2 19 59
Station 3 0 _50
Average 6+ 1 80 + 44
Transect #1
10-S 0 N.S.
20-3 19 0
40-S 19 0
80-5 75 N.S.
100-M 0 221
80-N 0 N.S.
40-N N.S.3 N.S.
Average 19 + 29 74 + 128




Appendix Table 4.

(Continued)

Station

Beam trawl

Otter trawl

Transect #2

10-S
20-S
40-S
80-S
110-S
110-M
130-M
100-X
Average
Transect #3
10-S
20-5
40-S
80-S
110-S
130-M
130-N
Average
Transect #4

10-S
20-S
40-S

80-5

110-35

19
19

N.S.

N.S.

N.S.

N.S.

N.S.

N.S.

N.S.
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e Appendix Table 4. (Continued) A

¢

,'{: Station Beam trawl Otter trawl K

3 N Transect #4 - Continued g
“

145-S 0 36 ]

N

K1y 135-N 37 §.S.

.}" Average 5+ 14 13 + 20 q

3

i)

% Transect #5

A Zrensect £5 4
h 20-5 0 N.S.

i 40-S 787 N.S. 1
M~ s

o :

o 80-S 281 N.S. '

s :

e 110-5 19 N.S. N

8y 165-S 1 N.S.

'.::: 2 ? 1
{ .‘n
N 145-M 0 N.S. ”

-.'j

. Average 184 + 315 --

[ Transect #6

s

4 80-S 112 N.S.

f:- 80-M 19 N.S.

: 40-N 19 N.S.

o 20-N 0 N.S.

S9N

L

- 10-N 0 N.S.

o Average 30 + 47 -

e

SN Transect #7

e —_—

o 100-5 0 N.S.

100-M 0 N.S.

e 100-§ 56 N.S.

L 80-N 19 N.S.

's 40-X 0 N.S.

. s T T T T S S R B VU S L U ST R S R
R4 ORI . SR UL T R S SV T U AR T PR
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Appendix Table 4. (Continued)

Station Beam trawl Otter trawl

Transect #7 - Continued

20-N 0
10-N 0

Average 11 + 2

Grand Average 30 + 112 50 + 82

! Station numbers for the transects indicate depth in meters plus

locations where N = north, M = middle, and S = south.
2 Mean + standard deviation.

3 N.S. = not sampled.
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»:::j'- Appendix Table 5. Commercial shrimp densities per hectare ’
b calculated from beam trawl catches at extra A
- stations in Port Gardmer during June, 1986.

- 3
o Station Shrimp/Hectare

\‘ \\

P .
- - . -
f West of Navy Site g
~\-11
i Station A (105m) 19
o Station B (110m) 19
o Station C (90m) 131 :

~ . *
&Y ; '

Station D (105m) 0

,:u;. Average 42 + 601
oy
e Tulalip (60m) 1
5 Station A 0
Sy
2 Station B 300 ~
s
P, Station C 169 .

Average 156 + 150 q
N

,& ! Mean + 1 standard deviation.
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: vy
'S Appendix Table 6. Otter trawl average bottomfish catch density (number 2l
of individuals per hectare) at each of the proposed 00y

s )

14

disposal sites in Port Gardmer during July 1986.

"

;AR

Number of Fish Per Hectare

Species Navy Site Control Site 1 Control Site 2 ,;ﬁ
English Sole 131 54 13 ~
X Dover Sole 4 31 22 o
Slender Sole 22 9 13 I
) Rex Sole p
' Rock Sole e
Y Flathead Sole 9 >
Arrowtooth Flounder
, Quillback Rockfish 9 4 A
3 Ratfish 40 54 4 T
Blacktip Poacher 4 F”w\
\ Sablefish iy
5 Pacific Hake 31 4 i
Blackbelly Eelpout 27 N
Cod N,
Tom Cod N
Snake Prickleback ;ft
Midshipman . o3
Shiner Perch ”‘;
Dogfish 18 7
Spinyhead Sculpin e
Lamprey N
Blackfin Poacher 4 e
Blackfin Eelpout 4 {;&
Number of Species 10 6 6 ._.
oy
T
) o
ey
Bl
::"_‘tx“
e
r_:h-, k
-‘f‘n‘
...:1:
)
e
. i
L4
- ,‘.‘.'-
’ Ry
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Appendix Table 7. Otter trawl average bottomfish catch biomass per
hectare at each of the proposed disposal sites in
Port Gardner during July 1986.

Average Fish Biomass (Kilograms/Hectare)
Species Navy Site Control Site 1  Control Site 2 ":('j
English Sole 24,08 11.20 3.12
Dover Sole 0.81 7.92 5.18 g
Slender Sole 1.42 0.44 0.50 )
Rex Sole .
Rock Sole M}]
Flathead Sole 1.79 o
Arrowtooth Flounder
Quillback Rockfish 2.16 0.96
Ratfish 10.57 2.70 1.44 ﬂ
Blacktip Poacher 0.01 )
Sablefish o
Pacific Hake 4.01 0.75 _':..{:
Blackbelly Eelpout 1.00
Cod
Tom Cod ‘_-:.-‘,;
Snake Prickleback S
Midshipman
Shiner Perch
Dogfish 4.92 @
Spinyhead Sculpin
Lamprey -
Blackfin Poacher 0.09 -;c-g
Blackfin Eelpout 0.04 e
Total Biomass 50.77 23.05 11.29 a
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September 30, 1986

APPENDIX D

U.S. NAVY HOMEPORT DISPOSAL SITE INVESTIGATIONS
AUTUMN TRAWL:

DUNGENESS CRAB DATA

This appendix displays data results of beam trawl catches of Dungeness
crab made in Port Gardner during September, 1986 as part of disposal site
investigations being conducted by the University of Washington, School of
Fisheries. No interpretation of these data, with comparison to previous
trawls for Port Gardner, has been made. Catch data for shrimp and
bottomfish collected by beam trawl and otter trawl have not been worked up
at this time. The progress report for this season‘'s trawls is scheduled to
be provided to the Seattle District in October.
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Appendix Table 1. Dungeness crab densities per hectare calculated from beam trawl K
catches in Port Gardner during September, 1986. Statfon numters ry
for the transects indicate depth in meters plus 1ocat10n where .
N=North, MsMiddle, and S=South. The averages are Mean'+ 4 N
standard deviation. ‘“ N
Density/Hectare :
Station Females MaTes A1l Crabs Substrate Comments
Navy Disposal Site (80m) B
~ -
E\.f: Station ) 95 0 95 20 gal. wood, debris r
1 Station 2 115 0 115 10 gal. wood, debris K
Station 3 19 0 19 15 gal. wood, debris
"M‘.‘:: - ~
- Average 76451 0 76451 ~
' Control Site (110m) :
o »
’ Station 1 19 0 19 15 gal. wood
Station 2 19 0 19 1 gal. worm tubes
., wood chips ’ .
:.r Station 3 0 0 0 2 gal. wood, shell :
N Average 1341 0 13+71 '
Control Site 2 (130m) _
Station ) 0 0 0 1 gal. worm tubes, o
K‘-'-‘ shell 2
Station 2 57 0 57 1 gal. worm tubes, <
shell )
p Station 3 19 0 19 0.5 gal. worm tubes, :
TN + z wood -
» Transect #) Avees 25 %249 c 25 =29 -3
3 10-S 19 38 57 3 gal. algae, wood, detritus t
o 20=-5 57 19 76 \
o 40-S 191 0 19 30 gal. algae, wood =3
8-S 248 19 267 15 gal. wood, algae .
100-M 95 0 95 20 gal. wooc, debris L4
o BO-N 0 0 0 5 gal. wood, debris o
- 40-N - not sampled -
. -
h‘,«‘ ' Average 102+99 13416 114457 . N
' = - = ' .'\"— S W
. ‘?’v; A ) K
.'.r - Y‘.‘v‘ .-\,
F # N
: N
- 2
~
M. Y
b :
A
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Appendix Table 1 (continued)

Station

Density/Hectare
Females MaTes A1l Crabs

Substrate Comments

Transect #2

10-S
20-S
40-5
80-5

110-S
110-M

130-N
100-N

- Average

Transect #3

10-S
20-S
40-S
80-5

110-S
130-M

130-N

Average

Transect

10-S
20-5

40-5

80-5
110-S

145-5
135-N

" Average

I R PR Wy p‘--».../.f..,
LRl d ’ Vatrtens: - RSN 5hS A % 4

#4

19 19 38
210 19 249+
153 0 153
308 0 308

0 0 0

38 0 38

38 0 38

0 0 0
95+114 5+9 1034119
0 19 19

38 0 38
553 19 572

95 0 95

57 0 57

76 0 76

19 0 19

1204194 549 1254199

19 0 19

38 38 76
172 38 210
115 0 115
153 0 153

38 19 57

0 0 0
76+69 14418 S0+75

% L

LSS r RS
\

1
15
15
25

—

W
— W WOO O,

gal.
gal.
gal.
gal.
clay
gal.
wood
gal.
wood
gal.
gal.

gal.
gal.
gal.
gal.

algae, detritus
algae, shell
algae, wood
wood, algae,
balls

detritus, algae

worm tubes,
chips

detritus, shell
wood chips

algae, shell
wood, algae
bark

rock, algae,

detritus

gal. wood, algae

gal. worm tubes, wood,
shell

gal. worm tubes

gal. algae, shell

gal. algae, wood,
shell

gal. wood chips,
bottles

gal. wood, algae, cans
gal. detritus, wood,
gravel

gal. aigae, worm tubes
gal. worm tubes,

wood cnips

.......
...........
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Appendix Table 1 {cont tnued)
ggnzj_tx/_“e:.}!'_e-
Station Females Ma les A1l Crabs Substrate Comments

Transect #5
20~S
40-5
80-5
110-5
165-5

145-M

Average

Transect #6

80-5
80-M
40-N
20-N
10-N

Average

76
456
95
183
0

0

1374186

76
n
76
18
38

80467

57 133

57 553

19 14

0 153

0 0

0 0
22428 1594204

19 95

0 9

0 76

0 19

0 38
4+8 84+67

'\_-\\

20
30
40

50
20
10

."'
“'"- ALY QORI Avy

gal. algae, %ravel
wood, shel

‘gal. wood, rock, algae

gal. wood, algae, rock,
debris

gal. wood, detritus

gal. worm tubes

gal. worm tubes

gal. algae, wood, cans
gal. wood, debris, cans
gal. woed, debris

gal. wood, detritus

gal. detritus, wood

'1..'\-0\-_ P -...-n.
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Appendix Table 1 (continued) ;
Density/Hectare
Station Fema]es'—_'YTﬂTAH Crabs Substrate Comments -
Transect #7 q
100-S 76 0 76 40 gqal. wood chips, bott1es,¥
100-M 38 0 38 2 ga]?a::od chips .
100N 0 0 0 2 gal. wood, detritus 1
80-N 210 19 229 3 gal. wood, cans
40-N 22% 0 229 1 gal. wood, detritus, she1a
20-N 95 0 85 4 gal. wood, shell )
10-N 76 0 76 0.5 gal. detritus, shell 4
Average 103+85 3T 088 ,
GRAND AVERAGE 924113 8415 1004119 . l

*Inciudes | young-of-the-year (unsexed) crab, 9.0mm carapace width. )

K
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Appendix Table 2. Dungeness g?ab densities per hectare calculated from beam trawl catches at
extra stations in Port Gardner during September, 1986. The averages are
means + 1 standard deviation.

Density/Hectare

Station Females aies A1l Crabs Substrate Comments
West of Navy Site \
Station A (105m) 19 0 p.1 8 gal. wood chips
Station B (110m) 0 0 0 1 -gal. worm tubes, wood
Station C ( 90m) 38 0 38 1 gal. detritus, wood chips
Station D (105m) 38 0 38 1 gal. detritus, wood chips
Station E (115m) 0 0 0 1 gal. worm tubes, wood
Station F (110m) 38 0 38 7 gal. wood, debris
Average 22419 [ 22+19
East of Control Site 2 g
Station G (130m) 15 0 19 3 gal. wood, shell
Station H (130m) 0 0 0 4 gal. wood, shell
Between Mukilteo and Picnic Point
Station 1 - 40m 19 0 19 3 gal. wood, detritus
Station 2 - 40m 0 0 0 5 gal. wood, algae
Station 3 - 40m 0 0 0 5 gal. wood, algae, botties
Station 4 - 10m 0 0 0 10 gal. sand, algae
Station} - 20m 38 0 38 3 qal. algae
Station%- 40m 0 0 0 5 gal. clay balis, aigae
Station;f- 80m 0 0 0 20 gal. clay balls, 2lzae
Average I3 H -0 B+15
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seBattelle
Tan®
Pacific Northwest Division
Marine Research Laboratory
439 West Sequim Bay Ruad
Sequim. Washingion 98382
{206) 683-4151

September 19, 1986 -

Mr. John Malek

U.S. Army Corps of Engineers
Federal Center South

4735 East Marginal Way South
Seattle, WA 98134

Dear John,

RE: U.S. NAVY HOMEPORT - SEA SURFACE MICROLAYER ANALYSES

A The quantity of substances (e.g., pollutants, organics, particles, etc.)
that are released to the sea-surface during dredging and disposal of
. marine sediments are currently unknown. Therefore, the U.S. Army Corps of
“ Engineers (COE) requested that Battelle Marine Research Laboratories

perform preliminary laboratory tests that would begin to provide answers
to some of these unknowns,

ol METHODS AND MATERIALS
Basically, the experiments were designed to determine the percentage of
‘l!. each sediment bound contaminant that upon disturbance would be released

from sediments into the water column and which would shortly arrive at the

ey sea-surface. The experiments were not designed to provide estimations of

NS surfacing based upon long~term releases after dredge material settled to
s the bottom of the container,

-, In order to accomplish these tasks a laboratory experiment was conducted
R using potential dredged materials to produce sea-surface samples
consisting of floatable particles, floatable oils and water. The four
treatments were as follows:

1. Sequim Bay bulkwater (filtered, laboratory sea water) without
sediment = Blank,

2. Sequim Bay sediment tollected at a water depth of 80' near the
center portion of Sequim Bay on 7 August 1986.
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3. Everett Harbor East Waterway contaminated composite sample which o
had been archived by Battelle. h

4, Everett Harbor sediments collected by Hart-Crowser and provided A
to Battelle at the COE request in May 1986. \"
The experiments were conducted in 3.8 L glass jars that were washed in -
hot, soapy water, rinsed in deionized water, solvent rinsed with 50-100ml “j
of methylene chloride, soaked in 1:1 nitric acid for 24 hours and rinsed
again in deionized water prior to air drying. The following procedures
were performed on ten jars per treatment: {a
1. Approximately 500-575 wet grams of sediment were weighed and
transferred to the previously cleaned 3.8 L jars. 53
\
2. 2.5 L of filtered sea-water were added to each jar.
3. The sediment was then thoroughly mixed using a Teflon® coated ~

magnetic stirrer for ten minutes. Care was taken to maintain
mixing without the introduction of air.

4. These containers were then transferred to a controlled water bath
at 14°C and incubated for 48 hours.

5. A single microlayer composite sample was obtained from each
treatment by aspiration of the surface of each sample at 1, 24,
and 42 hours. Approximately, 1 L of composited surfaced material
and water were thus obtained for each treatment.

Each of the surface samples were analyzed for the following parameters:

Total organic carbon.
Extractable materials.
Arochior 1254 and 16 priority pollutant pesticides.
Saturate hydrocarbons.
Low molecular weight polynuclear aromatic hydrocarbons (LPAH).
High molecular weight polynuclear aromatic hydrocarbons (HPAH).
Total polynuclear aromatic hydrocarbons (TPAH).
Metals:
Copper, Zinc, Lead, Arsenic, Mercury, Cadmium.
Suspended Solids.

Each of the composite sediment samples had previously been or were
analyzed for the following parameters:

Grain size.
o Total organic carbon.
o Extractable materials.
E:." Arochlor 1254 and pesticides.
A
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Saturate hydrocarbons.

Low molecular weight polynuclear aromatic hydrocarbons (LPAH).

High molecular weight polynuclear aromatic hydrocarbons (HPAH).

Total polynuclear aromatic hydrocarbons (TPAH).

Metals:

Copper, Zinc, Lead, Arsenic, Mercury, Cadmium.

Percent Water.

Percent Volatile solids.

Sulfides.
The aspiration apparatus was a 300 ml acid rinsed Erlenmyer flask
connected to a vacuum pump. Teflon tubes provide the connections to the
pump and to the surface of ,the water samples. Aspiration occurred by
placing the tip of the Teflon tube near the air-water interface.
The suction caused the surface of the water to rise to and into the tube.
(Surfaced materials were observed to be drawn towards the suction tube.)
The volume of sampies obtained were measured immediately frozen. After 4
days of frozen storage, the samples were thawed, thoroughly mixed,
aliquoted and dispensed for analyses.

Data were provided in concentrations based upon dry weight determinations
or upon concentrations measured in the volume of microlayer. These
concentrations were extrapolated to the total quantities contained within
the sediment in the experimental containers or the total gquantity
contained in the volume of water aspirated from the containers. The
percentage of available contaminant that surfaced was determined by the
following:

Percent Contaminant Total Surfaced Contaminant
Surfaced = Total Sediment bound Contaminant

@ Registered Trademark
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RESULTS

The following measurements were made on the materials contained within the
sediment composites:

Sequim Everett Hart/Crowser
Measurement Units Sediment Composite Composite
Grain Size:
Gravel Percent 0.5 6.0 0.8
Sand Percent 11.0 27.0 32.9
Silt Percent 62.3 42.0 42.9
Clay Percent 25.7 25.0 23.4
Total Organic Carbon Percent(dry) 2.5 8.75 5.13
Metals: ug/g (dry)
Cu 48.0 100.0 24.9
Zn 88.0 216.0 576.0
Pb 9.0 61.0 93.0
As 7.3 11.0 51.5
Hg 0.07 0.67 0.161
Cd 0.90 0.73 3.77
Polynuclear Aromatic
Hydrocarbons ug/kg (dry)
Total 8lz2. 170,546.0 32,930.88
LPAH 213.0 32,844.0 1,566.49
HPAH © <50.0 125,501.0 14,900.43
Saturate hydrocarbons
(Cq-C 4) 4g/kg (dry) [ ] ] 4,952.66
Ardchidr La/kg (dry)  <20.0 299.0 221.0
Pesticides
(16 priority pollutant) ,g/kg (dry) ND ND ND
Sulfides w9/g (dry) 490.0 1,100.0 280.0
Percent Water percent 53.6 63.0 77.0
Percent Volatile
Solids percent 6.1 22.0 19.9
Extractable Materials ,g/g (dry) 22.3 5,710.0 8,871.0
Total Mass of
Sediment (Exp) g (wet) 5,414.0 5,326.0 5,137.0
Total Mass of
—r, Sediment (Exp) g (dry) 2,512.0 1,971.0 1,182.0
r:; ND = Not detected
125
Aoy
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The following measurements were made on the materials contained within the 323
aspirated water sample: ng
‘P
: Sequim Sequim Bay Everett Hart/Crowser e
Measurement Units SeaWater Sediment Composite Sediment ';E
i
Tota) organic carbon mg/1 2.66 7.53 24.23 16.61 fi:
Ix
Metals: ug/1 R
Cu 12.3 9.6 59.5 22.3 i
In 3.22 22.2 88.8 33.3
Po <0.6 1.78 67.8 12.2
As 0.98 40.8 9.3 25.8
Hg <0.01 0.011 0.171 <0.01
Cd 1.62 1.00 1.62 0.81
Polynuclear
Hydrocarbons ug/1
Total 42,71 28.03 48.65 52.63
LPAH ND ND ND ND
HPAH 6.9 ND 6.9 1.91
Saturate
Hydrocarbons (Cg-C34) 0.93 0.87 1.19 0.71
Arochlor 1254 ND ND ND ND
Pesticides
(16 priority pollutants) ND ND ND ND
Suifide ND ND ND ND
Extractable
Materials ug/ml ND ND 43.0 4.0
Suspended Solids mg/m] 0.15 0.31 0.45 0.35
Total Volume
Aspirated ml 950.0 1000.0 1025.0 1575.0
b ND = Not Detected
P
E
n
\
v
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APPENDIX F

T DISPOSAL ALTERNATIVES ANALYSIS

R Introduction. This analysis presents the relative advantages and

. disadvantages of the alternative disposal options that have been considered
C:“:‘ for disposal of East Waterway sediments. A comparison of alternatives is
N presented, noting the important issues and tradeoffs associated with each

disposal option. Three basic types of disposal are typically considered for |

GE’; contaminated dredged material: contained aquatic (CAD), nearshore

1504 (intertidal), and upland. Though nearshore sites were identified and

evaluated for the Navy Homeport project, nearshore disposal can be generally
described as possessing some of the advantages and disadvantages of CAD and

§§$2 upland. Therefore, discussion will focus on these two disposal options. To

< further clarify the analysis, dredging methods for each of these r
i alternatives will be constant: mechanical dredging with CAD option and

o hydraulic dredging with upland disposal. Pertinent contaminant pathways are

addressed in the context of comparing disposal method, identifying the key
pathways and effects. Control and treatment options available for each
disposal method are sumrirized, along with remedial action techniques.

Identification of Contaminant Pathways. The processes involved with
. the release or immobilization of most sediment-associated contaminants are
e regulated to a large extent by the physicochemical nature of the disposal
el environment. Where the physicochemical nature of a contaminated sediment is
altered by disposal, chemical and biological processes important in

determining environmental consequences of potentially toxic materials may be
@ affected. '
> Physicochemical (oxidation-reduction, pH, and salinity) conditions of
gf:3' dredged material at a disposal site influence the mobility and
Y bioavailability of most contaminants. Typical marine dredged sediments are

anoxic (reduced) and near neutral in pH. Depending on the disposal methods !
- selected and the properties of the dredged material, changes in the

physicochemical conditions at the disposal site may result in substantial
mobilization of certain contaminants. Understanding the interaction between

o contaminants, dredged material properties, and physical, chemical and

Cﬂgf biological conditions at a proposed disposal site will aid in selection of

~ disposal methods that will minimize potential contaminant release in many (
. cases. Disposed into an aquatic environment, dredged material remains

;}£$ water-saturated, anoxic, reduced and near neutral in pH. In contrast, when

T sediment istaken out of the water and allowed to dry in an upland site, it :
becomes oxic and the pH may drop. Nearshore disposal sites have a )

e combination of anoxic, reduced conditions below tidal elevation and oxic
& conditions in the dredged material placed above the tidal elevation.
-

;3 5.3;\‘ LR a -!ﬂ EE \;\;‘ -t.:_-.:_";;;-.:‘ !



......

B There are several physical, chemical and biological processes that can
! result in transport of contaminants through a sediment/water environment.
These mechanisms include:

- q:"::f-”'— 5
o
Al lis sl

. o diffusion of dissolved chemicals down a concentration gradient

11,4
[ M ]
-

o convection and dispersion of dissolved chemicals due to water flow
through the sediment (groundwater, precipitation, runoff, tidal action) and
- sediment consolidation

e o bioturbation of the sediment

)

0 scour and suspension of surface sediment particles by water and air

currents

o o gas generation and ebullition within and through the sediment. {i
ke |
t{l All of these mechanisms can be active in some disposal options, while 1
“}: only one or two may be active in others. Though some active transport -
-t mechanisms will be operative in all disposal options, and none of the

_— options will provide a permanent, complete isolation of the contaminants
'xjt' from the environment, environmentally sound disposal of contaminated dredged 5
0 material can be achieved using any of the major alternatives if appropriate ]
N management practices and technologies are employed.

e

The potential contaminant effects and pathways are quite different for ii

e each of these options. For CAD, mechanical dredge resuspension, barge

-~ transport leakage, sea surface microlayer releases, water column stripping,
Dy nepheloid layer (near bottom) losses and the animal effects and uptake that 4

41 might be associated with the exposed mound of deposited sediment on the 4
o bottom (prior to capping), must all be considered. Ffor upland, hydraulic
44 dredge resuspension, volatilization, effluent releases, sea surface

o microlayer releases, runoff, leachate and animal/plant effects and uptake
’,:: from the deposited sediment (prior to covering) must be considered.
L7
ffgg CAD Pathways. Mechanical dredging genmerally results in greater
‘: . resuspension of sediment at the dredging site than does hydraulic dredging.

The action of the mechanical bucket through the water column results in

‘ resuspension estimated to be about twice the amount expected with hydraulic
508 dredging (2 percent versus 1 percent resuspension). When compared to

T turbidity resulting from shipping activities and natural storms, and given
the generally disturbed nature of many waterways where dredging occurs,
‘ resuspension at the dredging end is less important than potential effects
= elsewhere in the dredging and disposal process. Elutriate testing provides
7 an assessment of the resuspended contaminants that might result at the
dredging site.

Barge transport leakage is not considered a major contamination
pathway. Fine-grained sediments usually hold their moisture content;
consolidation of the material in the barge will usually push water to the
surface of the barge, not to the bottom. Improper operation of the barge
equipment (e.g., not ensuring a complete closure of the barge before
loading) must be avoided. fi

i
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The sea surface microlayer (SSM), consisting of the top 100 microns ok
(um) (0.002 in.) of the sea surface, has been shown to contain increased g
numbers of bacteria, phytoplankton, and animal eggs and larvae. 1In -
addition, the SSM often concentrate materials that are not very soluble, are T
lighter than water, and/or are adhered to floatable matter and debris. - o~
These surface concentrations are a natural event, often comprised of f;¢
chemicals derived from marine plants and animals. However, the SSM also has -
been shown to contain increased concentrations of contaminants, from 2 to S
125 times higher metal concentrations and 100 to 1,000,000 times higher .
organics concentrations relative to subsurface waters. Once in the SM, Ny
these contaminants can adversely affect marine eggs and larvae and.can be ;fﬁ’
carried to nearby beaches. While solar and bacterial degradation of some of g
the contaminants occurs over time, wind and surface currents often : oy
concentrate rather than disperse surface materials. iy
Dredging and dredged material disposal represent disturbances of the ReAC,
bottom sediments that result in the release of fine particles and organic Qﬂh
matter to the water column. Visible "slicks" and occasional "sheens" have R
been reported during dredging in the Elliott Bay area. Though most of the e
dredged material solids will settle to the bottom, dredged material will N
contain some material that could be released to the surface. ad
As the discharged dredged material descends through the water column, ‘%
the sediment mass will entrain water and particles can be "stripped away." ;*x.
These water column losses can contain both dissolved and particulate- o
associated contaminants, which can be assessed by use of the elutriate o
testing procedures. The fraction of the sediment contamination that is b
released into the dissolved state varies between 0.0 and 0.08 percent. o
Though the fraction loss is low, the actual concentrations associated with -
the dissolved fraction are evaluated by comparison to water quality criteria S
and background conditions. o
The validity of relying solely on water quality criteria to assess the 2all
dredged sediments is questionable. Assessing each contaminant independently e
does not allow for synergistic effects, and water quality criteria do not o,
g necessarily protect against contamination of sediments and bioaccumulation .
o of contaminants by aquatic species. For this reason biological tests (e.g., R,
oyster larvae and bioluminescent bacteria (microtox)) are needed to assess -~
the water column losses. These tests allow animals to "experience" all the -
. contaminants present in the water, whether measured or not. Similar X
reasoning was behind the need to conduct benthic bioassays and N
| bioaccumulation testing in order to assess direct sediment contamination Nk
P| pathways. While the long-term fate of released contaminants cannot be :{:‘
- ascertained, natural mixing and dilution, along with tendency for Sexd
contaminants to bond again into the sediment, suggest that adverse effects
would not persist. This is supported by the fact that historic assessment
E‘ of dredging projects, which emphasized the water column issues, rarely
showed significant adverse effects resulting from dredging projects. The "
sediment contamination chemically prefers to remain with the sediment e
b particles. Ty
All data from chemical analyses and bioassays using elutriated R
. contamination (in water or suspended form) should be interpreted in light of {};
E* mixing. This is necessary since biological effects (which are the basis for >
RS
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i5 water quality criteria) are a function of biolocically available contaminant
Ei concentration and exposure time of the organism. In the field, both

concentration and time of exposure to a particular concentration change
continuously. Both factors will influence degree of biological effect.
There is ample precedent and substantive reference to dispersion, mixing and
dilution in current law. The Clean Water Act specifies the consideration of
ef fects, persistence, concentration, dispersal, rates, volumes, loads, and
permanence of contamination and associated consequences in the establishment
of standards and criteria (i.e., sections 303, 304, 307, 403). The related
Section 404(b)(1) guidelines define a "mixing zone" where standards will not
be met initially, providing factors for determining acceptability of a
needed zone, and requiring permitting authorities to consider mixing in
evluating water column effects. Several of the water quality criteria are
based on 96 hour "LC 50's," which require a mixing analysis to determine if
a concentration will persist for that period of time. In addition, the
State of Washington routinely prescribes dilution zones for dredging

\ activities related to State water quality standards.

Particulate losses in the water column primarily occur near the bottom.
These losses are predicted by use of disposal models and past information
from other dredging projects. Some of the material released during water
column descent will settle out in the disposal site. Some of it will drift
of f-site. The degree of loss will depend on the relative strength of active
transport mechanisms (i.e., wind and wave currents and tidal action) at the
disposal site.

Once placed, the disposal mound will contain the majority of material
g originally dredged. Returning the material to a neutral, anaerobic
o geochemical environment reduces the potential for contaminant release into
- the water column. But until capped, the material will still be exposed to
animal contact and passive diffusion of surface contamination. Though in a
similar state to that present in the waterway prior to dredging, the
material would now be located in an area previously less directly exposed to
that degree of contamination.

Upland Pathways. As mentioned above, resuspension at the dredging site
will be less with the hydraulic dredge than with a mechanical dredge. Since
a hydraulic dredge uses water movement to move sediments, the suction forces
generated by the pump will entrain much of the suspended material given
proper operation of the dredge equipment. However, this efficiency
advantage of hydraulic equipment results in the need to address added water
and associated mobilized contamination at the disposal end of the process.

Transport of the dredge slurry typically occurs via pipeline. Though
leakage at the pipe joints is common on routine operations, design features
for transporting contaminated slurries will reduce this potential loss.

The greater degree of agitation provided by the hydraulic dredging
process, including the initial discharge into the disposal site, can result
in volatilization of certain contaminants to the air. This is only a
significant concern if the contamination is relatively volatile, which does
. not include the major types of contaminmation present in the Everett Harbor N
g sediments. As the sediments dry out, contaminant losses to the air may -ffg

increase. Changes in atmospheric pressure can "barometrically pump" air
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through the sediment mass and facilitate chemical losses. Aerobic
degradation of the organic matter matrix that currently binds many of the
chemicals will render additional chemicals mobile and subject to air loss.
Again, the significance of this potential contaminant pathway is dependent
on the type of contamination present.

After most of the solids have settled in the disposal site, the dredge
slurry water will be discharged back into the environment. This effluent
can be a significant carrier of both dissolved and particulate-bound
contamination. Assessment of this potential loss is based on the results of
the modified elutriate tests. with upland disposal, determining whether the
necessary mixing zone is acceptable can often be more of an issue than with
aquatic disposal. This is because effluent discharge will normally occur in
a smaller water body, with less dilution potential, and because the
discharge is relatively continuous over the dredging project construction
period and not discrete like barge disposal. Accordingly, the final
determination of mixing zone acceptability will be site-specific. The
amount of contamination present in the particulate phase of the effluent
will also be site specific because contamination is dependent on the amount
of particles left in the effluent and particle settling depends on the site
configuration and discharge rate into the site.

Floatable contamination present in the effluent would contribute to the
SM. These losses could be more important than those associated with CAD
given the degree of disturbance resulting with hydraulic dredging. Though
treatment of the effluent can significantly reduce contaminant losses via
the effluent, treatability of SSM contamination in the effluent has been
sufficiently researched to determine effectiveness.

Sediment consolidation will extrude interstitial water (mostly to the
sediment surface). This water, combined with runon and precipitation water,
will result in site runoff, another carrier of contaminants. Site runoff is
typically an issue during initial dewatering of the disposal site. Assuming
that a cover is eventually placed over the site, and that basic runon
controls will be provided, long-term runoff problems can be minimized. As
with effluent, contamination in the runoff is both dissolved and particle-
bound. Unlike the effluent, longer-term geochemical changes due to
oxidation in the upland site can mobilize additional contamination which
would be available for transport by ground or surface water.

Related to surface runoff, contaminant effects due to plant and animal
uptake can result if the dredged material is left exposed for sufficient
period of time. Cover material, placed after initial dewatering is
complete, will reduce both runoff and uptake losses.

Upland disposal can alse result in leaching of the contaminants to the
groundwater or back to surface waters (seeps). The geochemical changes
associated with disposal on land typically result in mobilization of a large
fraction of some of the contaminants. If the material could be placed under
the water table at a given site (usually more of an option for nearshore
disposal), this mobilization could be significantly reduced. Experience
with dredged material throughout the Nation indicate that mobility of metals
and organic contaminants remains low under anaerobic conditions. Under
aerobic conditions, metals can be mobilized in large quantities.
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Summary of Key Contaminant Pathways for East Waterway Sediment.

Summarizing the above discussion and considering the results of the el
contaminant mobility tests, the key contaminant pathways that require oy
consideration for Everett Harbor sediments are:
o  CAD: deposited mound S
near-bottom mass release -
o) Upland: effluent releases %

leachate releases

Though biological effects are the key to assessing the acceptability of
potential contaminant releases, the mass release of contaminants cannot be
directly related to effects because the fate of the released materials
cannot be ascertaimed. This is true for both CAD and upland disposal.

2 &,
AN
el

Dispersion of the particle-associated mass releases will reduce .;ufé
concentrations and thereby reduce potential effects. At best, far-field >

effects of particle-associated mass releases are not expected to exceed, and
will likely be much less than, observed effects in the lab. For the

dissolved fractions, released contaminants will be rapidly diluted to levels 'f:")
not associated with adverse effects.
For CAD, current estimates of the mass release for the combined i;ifl

dredging and disposal are around 4.1 percent, split evenly between the
dredging and disposal sites. Though estimated mass release for upland
depends on the specific site involved, releases for the nearshore sites in &)
the Everett Harbor area were calculated to vary from 4.3 to 5.5 percent.
The primary differences between CAD and upland mass releases is the
potential for using effluent treatment to reduce contaminant losses. Given RS
the unknown fate of the releases, proper siting of the disposal site and . “ﬂ
reasonable management practices (including design and performance goals) are
the primary tools for addressing mass releases. The fact that the bulk of
the contamination still remains with the deposited sediments is also
salient.

Control and Treatment Options. Proper siting of a disposal site is the
usual key to successful disposal of contaminated sediments. Once acceptable
site locations have been found, any type of disposal site can be desigred to
acceptably confine contaminants. "Acceptability" of a given design for
contaminant control is partially independent of the site location; although,
the necessary and acceptable design will be greatly influenced by the site
location and characteristics. These, in turn, influence cost of disposal
and final selection of preferred disposal option. ¢E$y

There are many control and treatment options that could be applied at
specific disposal sites. Even though many of the technologies are not ;1;)
demonstrated or do not appear to be demonstratable in the near future, the e
number of feasible control and treatment alternatives needing evaluation
still represent a reasonable number of choices. These major alternatives for s

restricting contaminant migration are discussed below. :53)

. The alternatives are ranked in order of increasing cost and contaminant .
management effectiveness. These ranks represent the general order in which ;\Eg
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they may be considered and applied in order to achieve acceptable design at
any given site.

The development of schemes that address contaminant resuspension at the
dredge must first consider the type of dredging operation (i.e., mechanical
or hydraulic). Primary control and treatment alternatives addressing the
resuspension at the dredge include:

o Mechanical Dredging

(1) Operational Controls

(2) Operational Controls + Water Tight Bucket

(3) Operational Controls + Water Tight Bucket + Silt Curtains
(4) Hydraulic dredging

0 Hyraulic Dredging

(1) Operational Controls

(2) Operational Controls + Dredge Modifications

(3) Operational Controls + Dredge Modifications + Silt Curtains
(4) Special Purpose Dredges

(5) Special Purpose Dredges + Silt Curtains

Primary control and treatment schemes that address the pathways of
aquatic disposal include:

(1) Operation Controls

(2) Operational Controls + Downpipe

(3) Operatioinal Controls + Downpipe + Diffuser
(4) Lateral Confinement

(5) Capping

(6) Lateral Confinement + Capping

Development of schemes that address the surface water pathway must
consider both short and long term contaminant release. Short term releases
result from the discharge of effluents during active dredging operations,
particularly hydraulic dredging operations. Long term releases result from
direct rainfall runoff, rainfall runon and subsequent runoff, and dredged
material dewatering processes. Primary control/treatment schemes that
address contaminant migration through the surface water pathway include:

o Effluent (Short Term)

(1) Collection and Treatment of Effluent
(2) Mechanical versus Hydraulic Dredging

E;?_Z:' 0 Runoff (Long Term)
. (1) Runoff/Runon Control + Cover
4 (2) Runoff/Runon Control + Direct Rainfall Collection

(3) Runoff/Runon Control + Cover + Direct Rainfall Collection

'::i Primary control/treatment schemes which address contaminants released
o through the leachate/groundwater pathway include:

.........................
---------------------------------------
....................................................




- o Runoff/Runon Controls
2 0 Runoff/Runon Controls + Cover L
o Runoff/Runon Controls + Single Liner -

N 0 Runoff/Runon Controls + Cover + Single Liner

- 0 Runoff/Runon Controls + Double Liner C e

iy 0 Runoff/Runon Controls + Cover + Double Liner R

~ 0 Runoff/Runon Controls + Cover + Single Liner + Leachate .
= Collection

- 0 Runoff/Runon Controls + Double Liner + Cover + Leachate =
- Collection hES

e 0 Solidification/Stabilization of Dredged Materials

o Primary control/treatment schemes that address the plant$and animal ol

: uptake pathway include:

‘ o Site security ' -
; o Chemical treatment NS
’ o Covers

0 Site security + Covers »iza
N
- Primary control/treatment schemes that address the direct contact
- pathway include: o
~ o Site security -
- o Covers .-
~ o Site security + covers a
.- Primary control/treatment schemes that address the air pathway include:
] e
X o Covers S
. 0 Buffer zones i
o Cover + Buffer zone
o Solidification/Stabilization of Dredged Material
A
> Disposal of contaminated sediments in the upland environment may
- produce contaminated liquids including effluent produced during active
o dredging operations, runoff water produced during initial dewatering and
rainfall events, and leachate produced during initial dewatering and
subsequent rainfall events. Six levels of treatment for site waters can be
. identified. These are listed in order of increasing cost and complexity:
K 0 Level I is the removal by sedimentation of suspended solids and
v particulate-bound contaminants from disposed and site-derived
- water. This level would remove 99.9 percent of solids, 80-99
percent of heavy metals, and 50-90 percent of organic
. contaminants.

0 Level II is additional treatment to remove soluble metals. This
level would increase heavy metals removal to 99 percent.

0 Level III is treatment to remove soluble organizs. This level
increases organics removal to 95 percent.

I T R T T R T S e A A L T A RN F R Rt ST AL S 5,
. .I" .‘4 ,\__. _‘_.,".r__. - Ll R AT A NN,




0 Level IV is treatment to remove nutrients such as ammonia and
phosphorus. :

o Level V is treatment to remove dissolved solids. This level would
increase organics removal to 99 percent, but is primarily designed
to remove nonmetallic, inorganic contaminants (e.g., nutrients and
common anions).

0 Level VI is disinfection for destruction of pathogenic organisms.

Remedial Action Technigues. There are two types of remedial techniques
that can be utilized in the dredging and disposal of contaminated sediments.
Ouring the construction phase, contingency plans (short-term remediation)
will specify how unexpected events will be addressed to prevent uncontrolled
release of contaminants. In the longer term, remedial response is an
integral part of the monitoring plan at the disposal site. Monitoring data
are used to determine when remedial actions are needed and what they should
be.

For CAD, the placement of additional or different capping materials is
the primary method for remediation. How more material could fix a problem
that the original cap could not handle is best understood by considering an
assessment of the possible reasons for failure of the original cap. These
reasons include:

incomplete original capping (or inadequate thickness)
unexpected animal or human bioturbation

unexpected physical erosion or geologic disturbance
through-cap diffusion of chemicals

ebullition (gas formation) and cap disruption

00000

Of these five possibilities, the first three are more likely possibilities
than the latter two. These three are effectively addressed by adding more
cap material. Through-cap diffusion is a very slow process. Ditoro
estimated PCB mo/ement through sediment caps to be less than 1 cm per year.
This diffusion rate can be easily monitored via cap coring and analysis
(most caps are self-healing after coring). More cap material continues to
effectively prevent release of the contamination. Ebullition can result in
gas-transported contaminant loss, but is greatly reduced in anaerobic
environments relative to aerobic ones. Any physical cap disruption can be
repaired by mcre cap material. In addition, different cap materials can be
trought to the site to improve thickness, provide resistance to erosion,
reduce permeability, etc., as needed. Again, the key is an effective
monitoring program.

Remedial response at upland sites is much more diverse. Once the site
has been filled, typicai monitoring includes leachate and runoff quality
measurements. Assuming runon controls and surface covers are in place, and
gas formation is not a major issue, the emphasis in the long-term is ground
water and surface water seeps. Sites can be designed to include second
liner systems and leachaite collection drains, though these types of designs
are usually specified for more danjerous and hazardous waste. With these
systems, leachate can be monitored, collected and treated, as necessary.
Without these systems, leachate loss into the groundwater is difficult, at
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best, to remediate and may often be impossible. Rates of ground water
movement and frequency of the monitoring measurements are important factors
here. Longevity of these underground systems is also dependent on geologic
stability of the area.

Disposal Site Tradeoffs. Disposal sites represent chemical gradients
from high contamination levels within the site to lower levels outside the
site. These gradients naturally tend to drive contamination out of the
site. Factors affecting the rate of movement include the solubility of the
chemicals (all chemicals are soluble to some degree), the geochemical
condition of the sediment matrix (aerobic or anaerobic), and physical forces
(such as water and air movement in and around the sediment mass).

Consequently, there is no permanent confinement, no technology that is
guaranteed to work in the long term. CAD capping material and upland liners
will, over the long term (decades or longer), become saturated with moving
chemicals. Even water treatment technologies, such as chemical
clarification, do not completely remove contaminants. Additionally, most
treatment technologies result in "spent" or concentrated, contaminated
materials that must be disposed of elsewhere. Technology for upland
disposal sites is much more developed and proven than for CAD sites. On the
other hand, chemical mobility and geologic stability favors aquatic sites.
In either case, the consequences of technology failure must be weighed, and
long term potential releases should be considered. This again emphasizes
the importance of proper site selection. '

Therefore, the "acceptable" design for a given site is not necessarily
dependent on an analysis of several sites with varying design. Given enough
money and time, any site can be designed to acceptably contain contaminated
sediments. There is no "technically best" option from the perspective of
contamination confinement, the keys are usually site availability and costs
of design to achieve acceptability. At the heart of this siting decision is .
the weighing of very different types of resources and conditions present at
the different types of sites. Socioceconomic and political considerations
play major roles in this weighting.

Consideration of the adverse effects associated with the sediment in
place in the waterway (in situ effects) is often useful as a reference in
determining acceptability for the design at different sites. The sediments
in most harbor waterways typically represent areas impacted by contamination
and reduced dissolved oxygen levels. Biological value of such areas is
relatively low as a result. Final conditions that would exist in the
disposal sites should be considered in relation to pre-project conditions.
While the dredging project would relocate and isolate this material to other
areas not currently exposed to this degree of contamination, unless
"loading" of contaminants is continuing at substantive levels, conditions
within the harbor would be expected to improve.

The key considerations involved with disposal method effectiveness are:

0 the class of contaminants of concern,

0 the similarity of the disposal site condition to in situ
conditions,

0 the number and magnitude of contaminant transport mechanisms




operating at the disposal site,

o the degree of control or treatment possible to intercept migrating
contaminant fractions, and

o the risk of significant adverse effects from contaminants released
by the disposal method.

Heavy metals often go into sclution and become mobile in oxidized,
unsaturated sediments. Organic contaminants tend to remain partially
soluble regardless of how wet or dry the sediment stays. Therefore, they
will have greater mobility where greater exchange of water within the
sediments occurs. Nearshore sites have greater water exchange than upland,
and upland has greater exchange than open water.

In general, disposing of contaminated sediments in a chemical
environment as close as possible to their in situ state favors retention,
especially of metals. Geochemical changes associated with air and oxygen in
upland and nearshore sites can change sediment pH (mobilizing metals) and .
alter (dissolve, degrade, or volatilize) sediment organic carbon (mobilizing
organics). Based on this, many contaminants would tend to stay bound to
sgdiments better in an open-water, capped site than a nearshore or upland
site.

Open-water sites, especially those in deep water, have fewer transport
mechanisms (e.g., air is absent) than upland sites. Nearshore sites have
the most transport routes available and are located in a very active
environment; therefore, nearshore disposal is the least preferred method for
long-term confinement of contaminants.

In terms of controlling contaminant release, open-water disposal allows
for very few controls of releases other than cap thickness. However,
increasing cap thickness is a relatively simple and effective control
method. Upland disposal allows for the greatest control through design
features, monitoring capabilities,